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Epidemiologic Iherature regarding the passible ossociation between matformations
and 23 exposures Of occupations other than pharmaceutical products, was anz-
lysed. The gualitative Jevel of scientific evidence was classified into four cate-
gories: high (ethanol, meihylmercury, PCBs, laboratory work). limited (anesthetic
gases, carbon monoxide), low {hexachlorophene, LSD, nitrous axide. smelter
work, tabacco), and inadequate exposures). Human data for exposures
belonging to categorics hi limilad™ were gquantitatively compared 1o

resul T teralogenicity (ests of the relevant chemicals. Ethanol, methyi-
€rcury, and PCBs have caused malformations in experimental animals. and the
‘/ G effective dases have ranged from Q.2 to B.O times the effective human doscs.
/ Ethanol and PCBs caused similar types of lesions in some animal species as have
7\’77 been observed in humans.
Q Key words: chemical exposures, malformations, epiderniolngy, teratogenicity testing. athanoi,

meihylmercury, PCBs

FOREWORD

This review was commissioned to the authors by the Advisory Subgroup in
Toxicology of the European Medical Rescarch Councils in 1981, The need was felt
for a consideration, a posteriori, of the current practice of testing chemicals for
teratogenicity and other embryotoxic effects in laboratory animels. This practice is
based upon the belief that results of such tests will predict the ability (or lack of
ability) of specific chemicals to induce similar cffects in man.
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252 Hemminki and Vineis

The aim of the review was to assess the correspondence between epidemiologi-
cal and experimental observations. The rationale was that an analysis restricted to
those chemicals for which human data are available would zliow an estimation of the
propontion of false positive and false negative results in experimental tests.

It was soon apparent that this approach had several limitations:

1) The demonstration of lack of effects in man requires an amount and quality
of epidemiological evidence which are very difficult to atain: Therefore, the identi-
fication of chemicals giving false positive findings in laboratory animals is problematic.

2) Reports of an association between exposures and embryotoxic effects in man
are not equally convincing for the existence of a causal link. In fact, studies have
covered a wide range of objectives, from hypothesis generation to hypothesis confir-
mation. Thercfore, the epidemiological literature had to be thoroughly scrutinized in
order 1o identify those chemicals for which an effect on man could be considercd as
firmly established. In addition, in many studies observations could lead to more than
one interpretation, so that a description was needed of the essential findings in each
study. The criteria and the interpretation by the authors are stated.

3) Epidemiological observations (of any quality) regarding teratogenicity fol-
lowing chemical exposures which have been reported in the scientific literature are
very numerous. It was therefore decided to exclude medicaments from the first phase
of the exercise.

4) The review was restricted to structural malformations for two reasons.
Inclusion in the epidemiological review of studies of other embryatoxic effects would
have further increased the size of the review. In addition, the majority of analytical
epidemiological studies (ic, those allowing for the recognition of cause-to-effect
relationships) are of the case-control type, in which only one effect is taken into
consideration,

The original objective thus turned out to be 100 ambitious. The review does not
allow conclusions to be drawn about the usefulness of teratogenicity testing in terms
of public health {i¢e, assessment of the predictivity of the results of tests in laboratory
animals), However, it has two ¢lements of interest. On the one hand. it provides a
thorough analysis of epidemiological findings with explicit evaluations of their relia-
bility. In addition, it pinpoints some established {or almost established) causal associ-
ations with teratogenicity in the human species, which require investigation of their
mechanism of action.

No conclusion can be drawn on the validiy of the practice of testing chemicals
for teratogenicity. The many different types of embryotoxicity and the variation of
doses and responses in different mamnwlian species reinforces the view of the
Advisory Subgroup in Toxicelogy that only an increase in knowledge of the mecha-

nism of action of embryotoxins will Icad to sound methods for the prediction of this
hazard of human exposure. :

Advisory Subgroup in Toxicology of the
Burapcan Medical Research Councils (%)

(*)Compasition of the Subgroup: W N, Aldridge {Carshalion). E. Cohen (The Hague), [3. Henschier
{(Wurzburg), E. Schenk (Strasburgl, B. Hohnstudt (Suxckholm;, K. Jeger {Geneva), R, Lauwerys
(Bruxellesy, F. Lembeck (Graz), N, Lery (Lyon), I Purchase (Alderley Park), B, Terracint (Torimn,
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INTRODUCTION

Tests for teratogenicity and ather embryatoxic effects in experimental animals
arc commonly used in the belicf that they predict risks in humans. Yet. the validity of
this approach has not been cstablished; animals species vary considerably in their
susceptibility to teratogenic agents {1]. In principle, experimental and epidemiological
data should be systematically compared so a5 to enable the identification—if any—of
“false positive™ and “false negative” chemicals in experimental tests and thus to
estimate the sensitivity and specificity of these. In fact, for only a limited number of
enviranmental chemicals is information on their effects on the human fetus available,
and the validity of this information requires a thorough scrutiny. In addition, because
of the intrinsic limitations of the epidemiological approach, the identification of “true
negatives” is questionable. An alternative, albeit reductive, approach is the ideatifi-

- cation of “true positives™ and the qualitative and quantitative comparison of epide-
mioclogical and experimental data concerning these. Thus, the present review has two
purposes: 1) to evaluate whether chemicals with evidence of teratogenicity in humans
show, on & qualitative ground, similar effecis fn animals, and 2) to evaluate whether
human and animai effective doses are comparable. A similar although qualitative
approach regarding carcinogenicity of chemicals turned out to be rewarding (2,3],
since it revealed that almost all human carcinogens are carcinogenic in cxperimental
animals also (although quantitative comparability is still uncertain).

The exercise required 2 preliminary cvaluation of the epidemiological findings
regarding the effects of specific exposurcs on the human fetus. In view of the
relatively large number of exposures for which some epidemiological studies or
observations on man were available and required scrutiny, some limitations have been
introduced: 1) The present review does nat consider therapeutic agents; 2) only
cepidemiological studies regarding congenital anomaly (eg, structural maiformations
snd neurological defects) as an end point are considered (thus excluding birth weight
alterations, abortions, still births, and behavioral effects). Yet in experimental studies
all expressions of teratogenicity and embryatoxicity detected during pregnancy or at
birth are recorded. The limitation of epidemiological data (o congenital anomalics is
technical rather than scientific; it is realized, however, that in tcrms of public health,

ie, for predicting effects in humans, all embryotoxic effects should be considered
[1,4).

METHODS

Chemical exposures, other than drugs, for which there are human data on
teratogenicity have been identified through Medline and Toxline data banks using key
words such as teratogenicity, malformations, and birth defects. Additiona! sources of
literature were some reviews [1,5,6], and files maintained by the authors. No new
articles were included after the summer of 1982. The chemical exposures identified
from the literature are reported in Table L. It is obvious that for complex cxpasures
and some mixtures comparison with animal data is problematic.

The following criteria have been adopted in the evaluation of epidemiologic
evidsace for each chemical or cxposurc: A high level of evidence was achieved when
information on malformations and exposures was reliable (ie, derived from objective
wources), and 1) analytical (ic, controlied } studics were available and no positive bias

~ AP00019896
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TABLE 1. Chemicals (Other Than Drugs) for Which
Epideminlogic Dats Have Been Evaluated

ndividual chemicals

Mixtures, complex exposures

Carbon monokide Ancsthetic gases

Fluoride (watcr fluaridation) Caflce

Halathane Ethanol

Hexachiorophens Gusoline

LSD Cuaanahis

Lead PCBs (Kanechlor)

Mcthylmercury Pointo blight

Nitrous oxide Smeliing work

2351 Soft waler

TCDD Laboratory work (solvents)

Yinyl chioride Spray adticsives
Tobacco

*Cuntaminated by TCDID amd ather dioxins.

was identifiable (ie, systematic errors in selection of subjects, collection of informa-
tion, or comparability of groups); no positive confounder was identifiable (ic, a factor
which was predictive of the occurrence of the disease and was associated with the
exposure being investigated): the association was strong (say, velative risk greater
than two) or, if not strong, it was subsiantiated in two or more studies; the results
were unlikely to be due to chance alone; ie, the statistical pawer of the study seemcd
to be sufficient as to detect the reparied association: given the purpose of the review.
we are not concerned with 2 low power as a cause of “false negative™ resuits: in
addition, scveral independent studies done under different circumstances make the
cause-effect relationship more likely; or alternatively, 2) several case reports showed
association between a very rare exposure and a very rare malformation.

Limited evidence was achieved when several case repons or uncontrolled clini-
cal series were available: analytical studies were available and biases, if present. were
unlikely to explain all of the reported association, and the association was weak and
not shown (o be reproducible.

A law level of evidence was based on the following: few case reports or clinical
studics, geographic and/or chronological correlation studies only, individual analytical
studies showing a weak and biased and/or confounded association.

Inadequate evidence was based on studies showing serious bias or scrious
confounding or on insufficient gvailable information.

These criteria are only to be considered as guidelines to make the comparison
with antmal data easier. The categories of high, limited, low, and inadequate level of
evidence do nit indicate a different teratogenic potency of chemicals but different
qualitative levels of available knowledge.

The following criteria were applied while the original literature was reviewed:

1) Regardless of the terms used for the frequency of malformations in the
original papers, we use the term prevalence rate (number of malformed children per
100 live births or deliveries).

2) The literature search considered only maternal exposure during pregnancy.
Thus. matemal exposure before conception and paternal expasure were not considered.

3) With some exceptions, individual case reports and geographic or historical
correlation studies have been mentioned but not discussed in detail. Casc reports may
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reflect fonuitous observations, since defective children can be more easily reported
than normal babies from mothers «xposed to a chemical. Geographic correlation
studies usually do not allow for the identification of the effect of the relevant agent
scparalely from that of other exposures.

4) The design of some studies (eg, on anesthetic gases) is unusual in epidemiol-
ogy, since they are based on a cross-sectional sclection of {exposed and unexposed)
groups at the time of the study, and a retrospective ascertainment of prepnancy
outcomes and previous exposures; they are reported as “exposurc-sclective retrospec-
tive studies™ (7].

5) Consideration of the potcntial confounding factors in studies on malforma-
tions is limited. 1t is reasonable 10 think that at least maternal age, parity. and socio-
economic status may be potential confounders (8], since they predict the occurrence
of at least some malformations and are associated with many exposures. Also, alcohol
consumption could confound association measures in some studics,

EPIDEMIOLOGIC STUDIES
Anesthetic Gases

Available analytical studies are summariscd in Table II. These studies have been
defined as “exposure selective studies™ [7] since they were based on cross-sectional
selection of exposed and unexposed groups from professional or employment records
or similar files. In general, groups were subsequently refined according to the
information obtained in questionnaires.

Exposure data were collected in most of the studies through mail questionnaires,
Exceptions were the studies of Cohen et al (9], who directly interviewed aurses but
not other groups, and of Ericson & Killén [10] who used hospital records for
ascertaining duration of exposure. In most swudies, exposure was characterised by
duration and period of pregnancy. In two studies. duration and levels of exposure to
halothane were respectively scored by the interviewed subjects [11,12]. Cohen et al
[13] report malformations of the offspring of chairside assistants exposed to nitrous
oxide alone and to mixtures containing nitrous oxide. Lauwerys et al [14} collected
information on the different types of anesthetic gases to which physicians and nurses
were exposed,

Pregnancy ocutcome was identified through mail questionnaires in all studies but
ancs in which use was made of a nationat delivery register {10].

Response rates ranged from 40 10 92%, with 70% as a common value. Among
those studies reponing the response rate separately for exposed and control subjects,
in two the rate was lower for the unexpased group.

Results, Considering only females exposed at least in early pregnancy, the
studies of Knill-Jones &t al {15}, Corbett et al [16], Cohen et al {17], Knill-Jones <t al
(18] {only when a 1:1 matching of unexposcd to exposed subjects was introduced),
Géthe and Hoffman {19] (only when nonsmokers were considered), Pharcah ct al
{201 {only for heart-great vessels defects) and Cohen et al {13} (only for light users of
anesthetics) showed statistically significant differences of prevalence rates between
exposed and unexposed subjects. Of these studies, four controlled for patential
confounders. Rate ratios can be calculated from these studies and ranged from 1.6 to
3.6 {18] (however, when 1:2 matching was introduced, the rate ratio became 1.1, nat
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TABLE 1l. Epidemiologic Evid on Teratogenicity of Anesthetic Gases”
Provalence rates of
Source(s)of Source(s) of defects at bisth
Authoris) Type of Subjects and information— information— tper live births
and year Country study sample size exposire’ mtcome i preg: ees) C
Askrog and Denmark  Retrospoctive 578 Nusses of Mail question-  Wives of male
Harald, CXpusure- ancsihetic depr. naires uncsihetists:
1970 selective + 174 anesthotists M137. female
[15t) study trespondents: ancsthetisis:
2%) 0.26: ancsthetists
URses:
1229
Cohenetal, US.A, Retrospective 159 Nurses, 50 Imbetviews 10 turses.  Iikerviews o Female ancstbetists
1971 (9N cxpasure- femal h mail g i nurses, mail 2%: physicians
sclettive 8} physicians {0 other groups questionnaires 4.2%
study (controls) 10 other
{respondents: 77% groups
of anesthetists and
physicians)
. Knill-Joncs UK, R pective 1241 Wi Mail guestiopnaire Mail 46/893 (5.2%) among
et 2l 1972 exposure- ancsthetists + 1678 (all trimesters) questionmaire  exposed: 89/1835
(5] sckective women gencral (4.9%) amang
sudy physicians controls
{controls) Exposed in i~
trespondents; trimesters: 6.5%:
exposed 82%, uncxpused inll fp < 0.2
unexposed $0% teimester: 2.3%
Rusenberg Finland Retrospective 300 Marricd nurses  Mail questionnaire  Madlf question-  No malformations Exposure to
and Kinves. ¢xposurc- 58 m (duration and fevel nairc observed halothane
1973 (1)) lective hesiology) of exposure 1o
study (respoadcnts : helothane scoredt
0%-75%)
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Cosbett et al, 62! Nurse Mail guestionnaire 16 4% Among nurses p < 0.05
1974 {16} ancsthetists practicing during Hemangiomas:

i (respondents: 85%) pregnancy: 12 in the ex-
§.75% among murses posed group vs. |
not praceicing in the unexpined
during pregnancy inguinal herwias:

4vs. 2
Cohen et ai, LS.A. Altoperating room  Mail questionnaire Exposed females:
1974 [17] cxpasure- personnct in (erimester and | guestionnaire 9.6%: me:posed} p = 0.00]
sefective U.S.A. (49,585) + year before teitle females: 5.9%;
study 23.911 ¢ ption) phasizes wives of male
pediatricians and hecalth risks of  ancsthetists: 5.4%.1 p < 0.04
nurses {comrols) ancsthetics) wives of male
(respondents: 41- pedimricians: €.2%  Contf. comirol
6%)
Knill-Jones 7,349 Male Mait yuestionnaire on  Mail 5% Inchildren of  Minor defects: e.m.
etal, 1975 wncsthetisis (ander exposed maltes; . 309R % e
18] 65) and controls 5.5% inchildrenof  3.19%. u.d.
tgeneral dociors cyposed fomales: 2.35%
and anestheriste ot 1.6% nchildrenof 2 = p< 0,02
working in first uncxpased doctors
trimester of their When maiching for  Conf. comirol
wives* potertial
peegnancies) confounders: e.m, p < 0.01—minoc
Iresponcents: 70%) 4.5%; unexposed defects ). 1% vs,
males 3.2%: e.f. 2.1%
55% uncaposed } p < 0.001—1:4
females 1.5% maiching
53% cf.:4.9% p. value n.s. —
u.f. 1:2 raniching
{conninued!
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TABLE 1i. Epidemiologic Evid on Terstogenicky of Anesthetic Gases* (Contintred)

Author(s) Type of Subjects und
andycar ~~ Coumry sudy sample size
Cohen et al, U.S.A, Retruspective 2,798 Male oral
975 [21) capasure - surgeons + 4,797
selective male dentists
study {exposed: subjects
having worked st
least 3 hours /week
with ancsthetists
the year before
their wives'
pregnancy)
{respondesnts: 39-
65%)
Tomiin, 1976 UK. Case repon
{152

Souree(s) of
informaton-—

. “L'upu»urc‘

Mail questionnaire

Spexectal, UK. and Retrospective Combined analysis of Mail questi
1977 1153) U.S.A. cxposure- Coten (1974) and (only cxposurc in
selective Knill-Jones (1972, carly pregrancy
study 1975) studies coasidered)

Gisthe and Sweden Retrospective  All Swedish male

Hoffman, exposure- anesthetists and
1977 {19} sclective fermale ancsthetist
swudy nurses vs. interml

physicians and

surgical nurses;
index group: §.382
pregrancies:
control group:
2.002 pregnancics
{response Taee:
89.7%)

{response rae in
U.S. male controls:
45%)

Mail qucstionnairc

Prevatence rates of

Source(s) of detects af birth
information— (per live births
mulcome  of Pregnancies) Commems®
Mail 4.7% in the exposed  p = 0.26 Conf.

questionaaire proup; 4.1% in e control

{tithe uncxposed group

emphasizer

heakh eflects

of

anesthetics)

Three malformed Fypes of defects not
children from reporied
*appeoximaicly*
50 ancsthetisis

Mail 5.5% In female

questionnaise ancsthetists 4.0% ) p < 0.04
In female conrols
5.0% Inmale p < 0.01 (Grestest
anesthetisis 3.7% difference in U.S.
In male controls data = low
response rMe)
Mail Male ancsthaists: Conf. control
quecstionnaire 1.7% among

caposed 1.3%
among uncxposed
female mrses:
3.0% cxposcd
31.2% uncxpased smokers
5.9% exposed } osmokcrE—
2.9% uncxposed p < 0.0l
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TABLE 1. Epidemiojogic Evidence on Terslageniclty of Anesthetic Gases* (Continucd)

Sourcel(s) of Source{s) of

Prevalence raics of
defcers &t bixth

Authoris} Type of Subjects and informuion— informution— {per live binhs
and year Counry study samplc size X posure® . butcome O pregnancics} Cc r
Tomli, 1979 U.K. Retrospective 340 Anesthetisis: Mail questionnaire  Mail 9.3% For exposed in  Excess due to CNS
{22] exposure- ~exposed” were questionnaire  the last 20 years; and
selective those spending at 1.2% for exposed musculoskelcial
uudy feast 142 of theic before: 4.3% lor defects Henoch-
wark time in unexposed Schénlcin purpura,
ancesthetic practice tchildren of male muscular
(respondents and female dystropity and
R A%) ancsihelists not diabeics included
scparately ss malformastions
analysed)
Wives of maie Conf. comrol

Cohenctal,  U.S.A. Retrospective 102,771 Dentists Mail questionnaire  Muil
1980 13 exposure- 130,000 chairside {powuscrs of quostionnaire

selective assistams (response  anesthetics. liph

study rates: 0 and 75%) users [ =1-8 hours/
woek), heavy usen
{(=more thun 8 b/
wk} in the same
year and the year
before concept)y

Jentists: NONUSCES

4.9%, light users

4.6%, beavy users

4 8%, Female

chairskie assistants:

nomsers 3.6%",

light users 5.7%*. a=p < 0.02
heavy users 5.2%.

(nitrous oxidc alonc

exposare = 5.5%)

Exposed chairside

masistans; 2.47%; | musculoskcletal
unexposed ¢.a.: defects—p < 0.01
1.15%
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Laumys
et al, 1981
[3¢]

Belgium  Retrospective

Taposure-
sclective

shudy

121 Male and 28
female anscsihesists
+ 63 male and 176
female operating
theatre purscs vs.
62 + 27
dermutologisis, 290
+ 12 occupational
physicians, 14433
imenmive carc
nurses, 20 fomale
social nueses and
168 other doctors
and nurses:
Response rate:
47%. ranging from
41.5% (inkensive
€are nurses) 1o
35.5% {sucial
RUTSCS)

Mail questionnsirc Mail

Exposure of mothers

(duration of
cxposure. hours/
day of exposure.
types of
anacsthetics,
ventilation system)

in pecgnancy: full-
term malformed 7/
259 pregnancics:
premature
malformed 3/259:
slill-births.
malformed 07259,
Never-exposed
mothers: full-term
malkermed 477
1.519 pecgnancics:
prematurc

malformed 5/ .519:

Rill-births,
malformed 3/1519

Type of anaesthetics
was ascertained.
No differences
among Zroups for
smoking habits and
drug consumption.
No dilference
among proups fof
birth defecis was
statistically
significant

uwm., xposed makes; .., uncxposed femakes: n.s..

*¢c.m., exposed maics: ¢.f., cxposed f

‘Levelmdmnmo{enpmre in brackets.

not significant.

lues. types of malformations, specmc exposures, scrious identifiable dlas. and confounding—when confounding factors were

mnlledmdumdymmremdswm

264
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statistically significant) or 3.8 (only for heart-great vessels defects) {20]. Other studies
[9,11,14,19,21, limited to smokers| showed either no or not statistically significant
differences. The negative result obtained by Ericson and Killen [10) is particularly
relcvaat, since cutcome was asscsed through an objective source.

Types of malformations. Excesses of specific malformations were shown by
Corbett et al {16, hacmangiomas und inguinal hernias), Knill-Jones et al {{8. minor
defects], Pharoah et al {20, heart-great vessels defects], Rosenberg & Vinuinen {12,
luxation of hip and inguinal hernias[, Tomlin {22, CNS and musculogkeletal defocts]
and Cohen et al {13, musculoskeletal defocts).

Minor malformations are more prone to information bias [23], ie, an apparent
excess may be due to more accurawe reporting by the exposed subjects. This is
particularly suggested when unexposed conteols show an excess of unspecified “other™
Jefects 1121, In addition, ependymoma, Henoch-Schinlein purpura, muscular dystro-
phy. diabetes, heart murmur, and malabsorption syndrome were included among
nalformations in singie studies,

In some studies, the purpose of the investigation was mentioned in the gusstion-
naire title (“health effects of anesthetics™): this may have induced more accurate
answers by the exposed groups.,

Evaluation of anesthetic gases. Due to the aforementioncd shortcomings Gin-
cansistency of results, nonobjective sources of information, possible recall bias). the
available evidence of teratogenicity of anesthetic gases is limited. Nitrous oxide has
been associated with an exvess of birth defects among female chairside assistants in
one study only [13} (see Table 11}, and the evidence of teratogenicity is fow for it.
The evidence for halathane is invdequate.

Catfeine {Coftee)

Ingestion of caffeine, mainly from coffee, tea, and cola beverages averages at
190 mg/d per adult population in the US {24]. Five epidemiologic studies on the as-
sociation between coffee and caffeine consumption during pregnancy and malforma.
tions in the offspring have been reported and are reviewed below: results are sum-
marized in Tahle 111, Also. other types of reproductive etfects have been studied {25].

tn the prospective Boston Collaborative Perinatal Projeet, over 50,000 prepnant
women were interviewed on their consumption of drugs {26], Over 5,000 women
reported use of caffcing, usually as an ingredient in medication. No specific type of
natformation was refated to caffcine intake. Yeu. cotfee drinking was not controlled
for und the authors recommend ciution in interpretation of results, .

In a4 casc-control study reponed by Borlée and co-workers [27], the parents of
202 case children and of 175 control children were interviewed on the types of
beverages consumed. Proportions of mothers drinking more thun 8 cups of coflce per
day were 23% among cascs and 13% among controls (p < 0.05). The association
did not involve specific types of malformations. The frequent coffer drinkers ap-
peared to be older than the women drinking fess voffee.

~ AP00019905
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TABLE 1. Epideminlogic Evidence on Teralogenivity nf Coffee Consuniption®

Enforination on Risk ratio
ceffee (conswmers vx. Significuee
cunsumptin Sample size  Mulformations —_nonconsumers) - (p) _ Reference
Prospective § 50,0 Births Al =1 (Useaf - Heinanen
- calferme of &l
medication) 977
126}
Retrspective | 190 Cases All iS(»8Cupy p <008 Borlee ot
day) al, 1978
RN
Retampective | 2,030 Cascx 330 Inpuinal Pyluric scoesis: 95% c.l.: Rosenberg
hernia, 299 1.8 200 mg 0.8-1.9 ctal.
cleft callvine/duy} 1982
lip £ palale, 128]
277 candiue,
194 pyloric
sMehosis, 120
¢heft pulate,
JOILCNS (D)
Hetrnspeetive § - 12,208 Al ~1.0 - Linn et al,
Wonxen (982
£29]
Retrspective 1 482 Canes K3 CNS, 150 -0 - Kurppus ¢t
skeleton, 95 ul, 1982
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oL imterview: Q. mail questivanaire; 413, for cach group of defects, 712 ather melformations were used
aN ¥ vomparison group,

In a case-control study. 380 infants with inguinal hernia, 299 with cleft lip with
or without cleft palate (CL. + CP), 277 with cardiac defects, 194 with pyloric stenosis.,
120 with isolated clcft palate, and 101 with ncural tube defects were compared with
712 other malformed infants (controf group). Maternal ingestion during pregnancy of
tes, coffee, and cola was investigated through personal incrviews. Relative risks
ranged up to 1.8 (0.8-3.9) for pyloric stenosis {totel daily caflcine intake greater than
200 mg vs. no ingestion). The correspanding estimates for inguinal hernia, CL L CP,
cardise defect, cleft palate, and neural tube defect were 1.4, 1.3, 1.5, 0.8, and 0.8.
respectively. None of the point estimates of relative risks was significantly greater
than unity and no dose-response relationship was apparent 28] (Table {11).

Linn and co-workers [29] carried out a retrospective study on 14,500 women,
among which compliance was 90%. There was no association between maiformations
in the offspring and coffee consumption cven in the highest exposure category (> 4
cups of coflee per day). Finally, the mothers of 482 children with central nervous
system, skeletal, cardiovascular, and oral cleit malformations from the Finnish Reg-
ister of Congenital Malformations were interviewed and compared to referent mothers
of healthy-children. No difference was found in the consumption of coffee [30].

The evidence on the teratogenicity of coffee or caffeine intake is low. The one
study reporting an effect does not rule out the results of other negative studies.
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Carbon Monoxide

At least cight cases of documented maternal intoxication from cual gas used for
illumination were associated with retarded mental or psychomotor devefopment in the
offspring {4,31,32). In three of these cases autopsics were performed and showed
softening of basal ganglia, cerebral atrophy, hydrocephulus, and microcephalus [32].
In ninc other case reports 14, various types of brain pathology. including damage of
the basal ganglia and wicracephaty, were detected. The cvidence is limited for a
direct effect of carbon monoxide in inducing structural changes of the CNS in the
offspring of exposcd women.

Ethanoti

Previous reviews indicated a causative role of alcohol in the “fetal alcohol
syndrome, FAS™ {33.34] (Tuble 1V). The features of this syndrome are not unequiv-
ocal [35-37|: Soko! [38] has proposed that i reliable diagnosis should include at least
one typical feature of each of three groups of defects: growth returdution, CNS
effects, and facial characteristics. The presence of FAS in live horn children in
France, Sweden. and the US ranged between 17600 and 171000 (37.39a4.b,40]: it
doubled when milder syndromes were included. Prevalence rates of 19% were
reporicd among children born from mothers consuming 56 or more grams alcohol
daily |37); clsewhere, rates were in the order of 353% in children of chronic aleoholics
[40.41). In these studies. the quantity of alcohol consumption was estimated by
interview and was probably subject to a reporting bias.

in threg series of FAS children the prevalence of microcephaly, oral clefis, and
heart defects were sespectively 40-90% . 1-25%. and 25-50% [42-44]. ie. gremtly in
excess of the corresponding rates in the geacral population. When considering the
studies including informution about alcohol consumption and the presence of major
structural malformations, the assaeiation is fess clear. In a prospective study. there
wils an increase in the frequency of migor mudformations {32 vs, 9% in the control
group) in the offspring of heavy drinkers consuming a mean daily dose of 2.2 g
sleohol/kg 145]. Microcephaly was the nwin type of malformation noted. and it
explained most of the difference between the groups. Hypospadias and genito-urinary
and oral maiformations were more conunan in infants of alcohol abusers as compared
w the controls [3%.b}. No exeess oral clefts and cardiovascular defects have been
noted in a study of Tennes and Blackard |46].

~There is a high evidence of a teratogenic effect of alcoholism in hunumns in so
far as it induces FAS. A causal relationship between maternat alcohol conspmption
and other stroctaral malformations in the of[spring is less well established.

Gasoline

Mental retardation. scaphoeephaly. prominent occiput. poor head growth, and
minor anomalics were found in two children whose mothers reported inhatation of
gasoline. Four children with a simitar syndrome occurred in 1973-77 in Shamattarere,
Canada, but gasoline sniffing could not be ascenained [47]. The eovidence is
inadequare.

Hexachlorophene

Halling [43] compared the ecenrrence of matforputions in six groups of aurses
using [ % heachlorophene soap amd in six hospital-matched groups not using the

‘e
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soap. Pregnancy outcomes were retricved frum the records of obstetric departments;
the sauree of the exposire duta was not stated, Exposure consisted of 20-60 watshings
per diy, both before and during the first trimester of pregnancy. Loss o follow-up
wias 15% in three hospitals. Major malformations were 0/233 live births of the
cantrols {(vs, 4-5 expected) and 25/460 live births of exposed women, There was ao
adjustment for age and parity. but it is unlikely that confounding could explain such a
difference.

Baltzir ct al {49} reported two studies. In the first swidy, 63 hospitals were asked
to provide lists of women in medical occupations who had left work hecause of
childbirth in 1965-75. Only 31 hospitals replicd and provided data on approxinuely
1,500 women. Al women hud worked at least in the later part of pregnancy.
Malformed children were identified through the Swedish Register ol Congenital
Malformations in 1965-72, und from the Mudical Birth Record Register (MBRR)
thereafier, Resulis are given separaicly for 1the 1965-72 peried (5 malformed children
bora from 930 women, vs. 9- 10 expected), and for the 1973-75 periad. In 1973-75,
observations are reported separately for 2(X) women (rom three hospitals in the
Guthenburg arca and for 260 women from other hospitals. Observed umd expected
mallormations were respectively 13 vs. 4 in the former group and 3 vs. 5 in the latier
{this observation of an excess in the Gothenburp arca could not be referred to any
particular exposure).

The second study repacted by Balzar et al [49] describes the outcame of 29,806
pregnancics among women employed in medical occupations in 1973-75. These
women, identified from a register of medical personnel, were linked with the birth
register through the personal idenatification number. Malformations were cotlected
through the Medicul Binh Record Register. Expected numbers were calculated from
all deliveries in Sweden in 1973-75 (323,011 infants). A total of 1,551 defoective
children were born in the study group. vs. 1.4%] expected: an cxcess in Gothenburg
was confirmed (42 obscrved. 29 expected: p < (.01). A comparison between the use
of hexachlorophene snaps in “periods presenting possibilities for exposure during
pregnancy”™ and matformations in the offspring revealed no apparent association,

Some aspects in these two studies reparted by Baltzur of al require comments:
exposure was ill-defined: in the fint study only 31/63 hospitals responded. and the
quality of information from these hospitals was probably different: there was no
information on individual cxposures to hexachlorophene. There is a fow fevel of
cvidenee about hexachlorophene teratogenicity in man,

Lead

The data on the teratogenicity of Icad 10 humans are historical and cannot be
cvaluated critically [50]. A case report on the association of lead intake in moanshine
whiskey and fetal anomulies has been published. but it may also be a result of alcohol
intake §51). No epidemiological evidence is available to evaluate the possible terato-
genicity of lead to humans.

LSD and Cannabis

Several case reports have been published regarding children bom to mathers
aking LSD during or befure pregnancy [S2-55). Most of them describe similar
skeletal defects: & common feature was distal apenesis of limbs, In these repons the
LSD dosas were not estimated, but it is statcd that they were sufficient for psychedelic
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TABLE IV. Epidemioiogical Evidence on Teratogenicity of Ethanol (Alcoholic Beverages)®
al

Risk ratio and

Informating pn

Sample size

Mallormations

Exposure level

statistical

signilicance Reference

CKE)M.II’C

Retrospective, | 127 Cases frosm nico-
holic mothers

Retrospective, [ 11 Cases with “*fetal
¢climcal alcohel syndrome ™™

abaervations) (FAS)

Prospective. 1

Retrospeciive. 1 68X Binhs

{eclinical
obscrvations)

Prospective. [ 633 Women

Prospective, § 70 tnfants born from
*akcoholic™ math-
ers + 93 “con-
trol™* infamis.

23 Chronic alcoholic
wamen + 46
matched controls

Facial characteristics,
growth deficiency, psy-
chomotor disturbances

Shost palpebral fissures
(11), microcephaly (103,
maxillary hypoplasia (7).
fimb anomalics (8], al-
tered palmar crease pat-
tern (8), cardiac
anomalies (1)

6 Babics with FAS in the
akcobolic group (includ-
ing short palpebral Fis-
sures, prosis, strabismus,
joim anomaties)

Babies with FAS

**No specific patern of
anomalics”*

A priori definition of ' fa-
tures compatible with
FAS"

Nondrinkers: 326

womnen ([}, €45 ml
absoiuse nicohot
daily: 249 (1), > 45
mi daily average {ab-
solute akcohol): 58
{1

** Alcoholic’® mothets:

one UACE OF TTKNE
of absolute alcohol/
day o § + drinks
on ocvasion

Lemoine ct al. 1967 §35)

Jooes and Smith, 1975 and
1973 [33.36)

Jones et al, 1976 (41]

Severe cases /1000,  Dchecne ot al. 1977 [39a}
less severe (/400

lletie 1 al, 1977 (45)

9% Conpenital o
anormaties m Group
1 1% in Growp 1l
32% in Group IIf
{p < 0.001)

9170 Infants with Hanson ct al, 1978 [37}

FAS from heavy
drinkert (1.0
ounces/day) V31
from moderate
drinkers (0.1-0.9)
2762 in controd
infams
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Ditferem fcaturek of brain

"*Heavy ethanotl in-

Clarren et ul. 1978 [42]

Retrospective 4 Dead infans
for 2 imfans, malformation at ke’ in pregnancy
prospective ncurapathology 12 womcn) + occa-
for the ather sional “binge™” (2
2:1 womien)
Prospective, 1 23 Pregnancics. 21 FAS and other anomalics *"alcohol problem™’ 721 FAS, oher 7721 Olcgard ct al, 1979 [40)
live births thought to bave al.
cohol-related
problems
Retrospective 204 Abusers 11,923 All Alcohol abuse was de- FAS (2.5% in abu- Sokol et al. 1980 {39h)]
conteols fined *‘clinically™ sers vi. 0% in con-
trol), hypospadias,
genito-urimary and
oral malformations
increased
Prospecive. Q 278 Births Al 5 Exposure categorics No excess risk Tennes and Blackard.
during § and 111 1980 {461
trimester
Retrospective 109 Infarus with FAS Al - Anomalies in FAS Majewski, 1981 [44]
infams: microces
phalus (84 %), var-
ous fecial
anomalics {11-
%R}
Retrospective 71 lafants with FAS Al - Anomalics in FAS Nestler et al, 1931 [43]
infants: microce-
phalus (34%), var-
ous facial
lics (T-68%)
*1. Imervicw; q, questionnaire; FAS, fetal aleohol syndrome.
267
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effects, LSD was either taken throughout pregnancy or in the first trimester. In at
lcast three reports, there were multiple exposures (cannabis, drugs, or other strong
hatlucinogens).

A further seport 156] describes 2 haby with muliiple malformations. including
abscence of phalanges, born to a mother who had taken 3 doses 9 months prior to
conception. Finally, another report describes the birth of a normal bahy from a
woman who had been a high-level consumer up to 2 manths before pregnancy (57

No malformations were described in a follow-up study on ten pregnant women
with an intake af LSD which entailed hallucinatory phenomena [58]. All women took
LSD in the first trimester of pregnancy and some also lmer,

Another uncontrolled follow-up study [59} included 247/300 women taking
LSD and other drugs and responding 10 a guestionnaire: during follow-up 148 of
them had pregnancies (120 live births) and 14 malformations were detected. including
six turned-in fect, two tibiat rotations, and one unspecified hone deformity of legs.
No birth defect was observed amaong the 12 women taking LS during pregnancy.

The median single dose for mothers of malformed babies was 100 kg (range
75-250 pp).

Overall, the level of evidence far LBD is low since the positive findings derive
from case reports, most of which describe multiple drug intake. However. the
evidence cannot be entirely disregarded. because distal limb apencsis, which has been
described in the ofTspring uf six mothers taking LSD. is otherwise observed rarely.

The epidemiotogic literature on feratogenic effects of cannabis is scanty and
overlaps with that on LSD. In two case reports 153,54, the mothers of bubies with
distal defeets of limbs consumed both cannabis and LSD. In a further report (561 und
in onc follow-up study {59] concerning mainty LSD, cannabis is mentioned as une of

scverat drugs concurrently consumed by the mothers, The level of evidence tor
cannabis is inadequaic.

Methyimercury

Knowledge on the embryotoxivity of methylmercury derived from studies re-

e i B tdmg]thc ingestion of contaminated fuod [reviews by Kovis and Longo. 8, Chiang

et T gt ab, 6)]. These studies include the well-knawn epidemic s Minumata, Jupan {62].

in the kater population severe neurological disordets in adults ingesting methylmes-

cury-contaminated fish were deseribed as early. as in 1953, However, only a few

et e sww e o Y¥UN Juter children affected by symptomis rescmbling those of cercbral palsy were

T deseribed. Between 1953 and 1971 at keast 28 childeen were torn with hrain danage.

Afier systematic research, a syndrome could be abserved and this was afso connected
to alkylmercury ingested in contuminated fish by the mothers.

A comparable epidemic of micracephaly und ottver neueological disorders ook
place in {rag in 1972, as @ result of ingestion of g@riin treated with awthyimercury
[63.64]. Out of 32 infants cxposed in utero, ton showed cerebral palsy at the age of |
year, fn Irag as well as in Minamata, nercury wiss found is biolopical samples from
the aftected mothers und chibdren. A dose-response relatimshd has been established
) {654, A total maternal exposure to - 1.2 wnp/kg corresponded 10 a 0% frequency of
... neurological signs in the offspring {65]. In ltaq the tofal mngested dases were about

S 150 mg and the daily exposures about RO pp/kg. with targe variatioms. Observitions
from Minamata and Iritg huve also been contirmred in other small series of caves from

NorL et

e
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U.S.5.R., Sweden, and the U.S. {60,61,66]. Neuropathology of prenatal intoxication
revealed the following in two cases from Matsumoto et al [67] and in two cases from
Choi ct al {68]: narrowing of gyri, hypoplasia of the basal ganglia and cerebellum,
and heterotopic neurons in cercbral and cercbellar white matier.

Methylmercury can be considered a teratogen with a Aigh level of evidence,
taking into account the morphologically detectable changes in the CNS.

Kanechior (PCBs)

A “PCB-induced fetopathy™ (Yusho) has been described gs a feature of an
episade of intoxication occurring in 1968 in Japan, in which approximately 1,000
persons of different ages were accidentally intoxicated by rice oil contaminaied with
Kanechlor 400, a 1echnical tetrachlorobiphenyl product. The Yusho oil contained
about 1,000 ppm of PCBs und 5 ppm of polychlorinated dibenzofurans [69]. The
ctialogic role of the ingestion of this ot was ascertained for intoxicated persons
through the following: ) examination of vil containers, shipping records of the
producing company, and records of oil dealers; 2) analysis of biological samples; 3)
a case-contral stedy an 121 adult patients andt 121 adutt controls conceming use of oil
and fats {70}.

A fetatoxic effect of Kanechior was first recognised when a group pf intoxicated
mothers delivered 13 babies with a syndrome which included dark brown pigmenta-
tion of the skin and mucous membranes, retardation of growth, gingival hyperplasia,
spotted calcification of the skull 170-72]. Hyperkeratosis. atrophy of the skin, and
cystic difatation of hair follicles were described in stillborn babies delivered by
cxpased mothers 170.71]. PCBs were detected in the skin by chromatography.

One. five, and one fomales had been exposed respectively in the first, second.
and third trimester only. (wo had been exposed throughout pregnancy, and the time of
exposure was unknown for four. Miller 17!] estimated an average exposure of 11
weeks. Intake was estimated to be 65-839 ug PCB/kg/day [73).

There is a high level of evidence that the contaminants found in the food oil are
human (cratogens. Whether PCBs, dibenzofurans, or possibly dioxins were the
causative agents cannot be resolved.

Potato Blight

Renwick [74.75] reported a positive geographic correlation between patato
blight and anencephaly-spina bifida (ASB). Subscquently to this, a aumber of geo-
graphical and temporal correlation studies have been undertaken; by and large they
failed to confirm Renwick’s findings 176-85].

Lorber ot al {86] reponied two cascs of ASB born to mathers on a potato-
avoidance diet during pregaancy.

A few analytical studies are available. Rabert et al [87] interviewed mothers of
336 malformed babics (ncural tube defects) and as many normal controls in Gla-
morghan, South Wales, Cases and controls were born in 1964-66 and their mothers
wese spproached through a guestionnaire scveral years later. One-thind of bath cases
and controls did not reply or were not traced. Home-grown patato consumption did
nat differ among cases and controls.

[n another case-control study on potato consumplion in pregnancy [88]. 83
children with spina bifida, collected retrospectively up 10 12 years before the study,
were compared with 83 children chosen from the general population and matched to
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the cases by sex, month, and year of birth. residenve and social class. Mothers were
intervicwed by health visitors. No difference in muternal potato consumption during
pregnancy was found between cases and controls, Potential confounders like maternal
age and parity were not considerad, In this study, o negative confounding may have
becn introduced by strictly maiching for residence and date of birth, since blighted
potato consumption varies according & social class, place, and time.

In another case-vontrol study in New York City 189], 265 mathers of babics
with ASB diagnosed in 1970-72 and 549 control mothers agreed to be interviewed by
telephone on their current potato consumption. Controls (2 per case) were chasen
from bitth certificate files and were maiched to cases by parental residence and date
of birth. No rclative risks were reported, but they can be computed from the published
figures. Most of them are lower than anc. The study, however, had some shoricom-
ings: cases represented 70% of those who were eligible for interview. whereas the
corresponding proportion for controls was 94%. In addition, although nonrespondent
controls were replaced, the matched controls were not always dropped when the case
refused the interview, Thus, a comparison bias (higher social class selection of
respondent cases) cannot be excluded. Finally, the analysis did not ke into account
matcrnal age and parity. However, bius and confounding so strong as to mask 2
pasitive ussociation are unlikely.

Nevin and Merrett {90] reported on 88 pregnant women who had a previous
infant with ASB and who were advised to avoid cating potatoes in subsequent
pregnancies. The advice was followed by 27 women who were compared with the
other 61. ASB accurred respectively in 2/27 (8.7%1 and in 2/61 (3.6%) {p > 0.05).
This study teaves some open guestions: The 88 wamen derived from a larger group
but mechunisms of selection are not stated: inclusion of wamen in the groups (potato-
free or pot) was aot random and confounding cannot be ruled oul: numbers are small.

The available studies do not indicate a role of potato blight in the etiolopy of
ASB. Corrclation studics were negative, Analytical swdics concern potaio (and not
speeifically blighted potato) consumptivn ar avaidance: none of them suggested any
association with ASB. Shortcomings in the design of these studies cast some doubt on
the acceptability of such negative sesults but do not provide any suggestion of a
positive association.

Smelter Work

In a recent study (2] a list of women employed as copper smelters in a
company in 1955-1976 was compared with the records of pregnancics of the tocal
hospital, The completencss of cither caimpany records or follow-up is not discussed.
Malformations were 17/291 amuong the offspring of women in the smelter as compared
10 22/1,000 in controls (p < 0.005). Multiple matformations cantributed 1o this
difference. Sulphur dioxide. lead, arscnic. and cxdmium have been suggested as the
possible cousative agents 192,93}, The results were not controlled for possible con-
tounding factors. This individual study provides a low level of evidence on the
teratogenic hazards of copper sinelting,

Soft Water

Fedrick [94] reported & negative correlation between water hardness and prev-
alence rutes of anencephaly in ten areas in the U.K. This contrasts with 4 similar
sorrclation study (95} in Liverpool and south-west Lancashire where the highest
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incidence rute of anencephalus (3.9/1,000/ycar) was found in 2 “hard water™ area,
and the fowest rate (2.9/1,000/year) in a *“soft water”™ arca.

Lowe el al [96] correlated water hardness with ) CNS malformations (mortality
data) in 48 Sovuth Wales arcas and b) ancncepuhly 1n S8 country haroughs in England
and Wales. Correlation coefficients were atl negative. Analopously. negative correla-
tion coefficients were found by Crawford ct ol 197] comparing water hardness and
anencephaly mortality in $8 English large towns (many comparisons were made and
most correlation coefficients were statistically significant). Morion et al {98] carricd
out similar work in South Wales considcring CNS malformations. The correélation
cocflicicnts were negative but low and statistical significance was weak (p < 0.05).
Multiple comparisons were made.

A case-control investigatian in CardifT included 108 cases of neural tube defecty
and as many controls matched for sex, age, and social class. Determination of 11
clements in the drinking water yielded similur results for cases and controls {99].

Another case-control study in Canadit included 468 deaths fram anencephaluos
and a random sample of 4,129 live births 1100}, Mothers lived in 142 Localitics for
which the water concentration of 14 elements was availible, No association was found
tor any of the 14 clements. Risk estimates were adjusted for potentiad confounding
factors (parity, season and year of birth, maternat age, and others). However, sumiples
were not collected from case and control dwellings,

Overull, these studies provide inadequate cvidence on the terutogenicity of soft
wuter,

Laboratory Work (Solvents)

Five studies suggest an association with teratogenicity (Table V).

Kucera [I01} reponied that five om of nine mothers of infants with sacral
agenesis had been exposed ta miscellancous industrial sulvents, as ascertained retro-
spectively. No control group was used. Other matformativons were not analysed.

A Swedish group has published three studics on laboratory persannct possibly
exposed 1o solvents for whom other exposures have not been ruled out. Meirik ct al
{102] identified from the university files the laboratory statT who had been working
during pregnancy. They had given binth to « total of 245 newborn children. Malfor-
mations were recognised both through interviews and from the Swedish Malformation
Register. Eleven children with serious malformations were found vs. four cxpecled
on the basis of the rates among deliveries in the same hospital birth wards, adjusting
for maternal age and parity. The 11 malformations included four gnal or oesophageal
atresias or stenosis, and two children with pes equino-varus,

The second study was similar in design but regarded offspring of women
working in chemical laboratories of the pharmaceutical industey 11031, In the exposed
group, prevalence of major malformations was 6/106 (5.8%) vs. 21297 (1.7%) in the
referent group, The malfurmations included two arul clefis and one multiple gut
atresia, The exposed-refercnt comparison was uncoatrotled for the potential con-
founding factors. It is reported, however, that the age distribution was similar in the
two groups.

The third study was similarly designed and covered laboralory workers of pulp
and paper industry. Major malformations were 6 vs, 2.9 expected. standardized for
age, parity, and haspital [104]. Malformatns included two gut atresias, two heart
defects, one anencephaly, and one cleft palatc.
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TABLE V. Epiderniotogic Evidence on Teratogenicity of Laborstory Work*
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of 103 infanis among 1103}
“chemical laboratory
wurkers'” s, 2247
among the nonchemical
workers, One mudtiple gut
atresia in the former
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after the ncural tube closed [these comments were made by a subcommittee of the
N.Z. Agriculural Chemicals Board: [17].

Greographic pathology studies. Cutling et al ]118} surveyed retrospectively
malformations nccurring in 22 hospitals in South Vietnam, as reparied on the daily
summaries preparcd by midwives. Private clinics were not surveyed, some hospital
records had been destroyed, home deliveries were excluded, as wa\tﬂhe Chinese
group of the population. Prevalence rates were 5.5/1,000 in 1960-65 (pe iod of light
spraying of Agent Qrange) and 4.5/1,000 in 1966-69 (heavy spraying). Overall,
2,355 defects in 488.852 births were identificd. Anencephaly, cleft lip/palate, club-
foot, and hydrocephaly accounted for 80% of all malformations. Thers was no
nonexpased calegory und anly a dose-response refationship could be measured. It has
alsn been pointed out |109] that heavily sprayed arcas were underrepresented and
there was no precise knowledge of exposure of pregnant women.

Two geographic puthology studics on 2,4,5-T spraying in New Zealand have
been reported. MeQueen ot al {119 collected cases of anencephaty and spina bifida
in three arcas where clusters of cases were allegedly present. Cases were collected in
1974-76 from hospital records. and a camparison was mude between observed and
expected numbers in cach area. in Northlund there were seven cases, which corre-
spand to the expected value. Five cases oceurred in Taranaki, of which three were in
the sume street. In Waikato there were cight cases (one ancncephaly, seven spina
bifida), all disgnosed in 1 month. The muthers were interviewed about 2.4,5-T
contacts in pregnancy: 3/7 mothers of cuses in Northland, 3/4 mothers of cases in
Taranaki (one is excluded because she conceived elsewhere) and possibly 4/8 mothers
of cascs in Waikato declared to have conceived during the period of 2,4.5-T use.
Huowever. the authors state that only in one or (wo cases was there “some exposure™
10 2.4.5-T in the critical petiod, and they concluded that there is no evidence. This iy
not to be considered an analytical study. since if lacks controls and standardized
interviews.

Hanify et al {320) compared prevalence rates of malformations in seven New
Zealund areas in 1960-66 (when no exposure to 2,4.5-F occurred)y and in 1972-76
(when 2,4.5-T spraying was common). Quantity, dates, and places of spraying were
collected from the companies, No geographic or temporal correlation could be found,
with the possible exceptions of talipes and hypospading +epispadias {(no mention is
made of the changing attitudes in the registration of birth defects),

Other correlation siudics relating to 2.4,5-T spraying in agriculture have been
reporied in Australin §121). Arkansus {122), and Hungary [123]. These studics
concentrated respectively on anencephaly and meningomyelocele in 1965-76, clcfi
tip/palate in 1943-74 and clefi lip/palate, cystic kidney, anencephaly. and spina bifida
in 1976-76. They were all negative. A {urther study of geographic and time correla-
tions in Western Australia suggested a role of “insccticides™ and “herbicides”™ in the
occurrence of cleft lip/palate., but no firm conclusion could be reached [124].

A Birth Defect Repistry has been established as a surveillance system in the
Seveso area, which was hiphly polluted by 2.3, 7,8-TCDD in 1976 [125]. It collects
malformations (all types) in 11 towns (222,000 residents) from the lists of live and
still-births: this is followed by home visits of pacdintricians. From 1978 to 1980.

~ AP00019917
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in the Offspring: Epidemivlogic Evidence®

TABLE VL. EfTect of S

king During Pregnancy on the Maifor

Information
wn Sample No. cigaretes Risk ratio Significance
swking | __..vze | Maliormation, LSwoked | smokerfnomsmeler () Reference
Retrspective 16.200 Binths Alt >4 <1 No Underwood ot al.,
Q 1965 | 155)
Rettuspective 16,000 Birhs Heart >1d 1.5 <0.001 Fedrick ceal, 1971
1 [
Retruspective 18,600 Births All >1id 1.2 No Andrews and
1 Ural ckefa 2 <0.08 McGurry. 1972
1137)
Prospective! 14,600 Births Haan ~1 No Yerushalmy (473
1132)
Prospeative | 30.300 Births All > <1 No Heinonen et al,
1977 126]
Resrmspective 1,400 Cuscs All >l it No Kelsey ot al. 1978
>201d 1.6 <0.05 133
Retrospecine 10,500 Binths All >\ ~1.5 <0.05 Himmelberger et
Q al, 1978 [136]
Prospeciive 1 66 Cases Oral clefts >hed 1.7 <0.0) Ertcsam cval, 1979
1138}
66 Cuses CNS >td -1
Relrospective 69,000 Births All >\d ~ ¢ No Evams et al, 1979
t Ancncephalia >20/d 1.8 <0.§ [134]
Prospective 1 14,700 Births Al >l ~1 No Christianson, {980
All > 200d 1.2 <0.05 [13%)
Retrospective 320 Cases CNS 21 -1 No Hemminki et al,
] 420 Cases Oraul clefis >id 1.3 No 1983 [139)
520 Cascs Musculo- » la ) Noe
skeleral

*L. inerview, Q. meiled questionnuire
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TABLE VIii. Evaluation of Levels of Evidence on Teratogenicity in Humans (According to the
Criterin Lisied in the Text)

High level Limited Low level Inadequate
Ethanol Ancsthetic gascs Coflfee 2.4.5-T
Methylmercury Carbon monoxide Hexachlorophene Fluoridation®
PCBx tSD Gasoline
{Kancchlor) Nitrous oxide alothane
Laboratory work Tohaceo Lewd
(solvents?) Sorlier work Poxtato blight*
Soft water*
Spray adhcsives
Marihuanz
TCDD
Vinyl chioride

*There is some cvidenee that potute comsumption, water fluoridation. and soft water are sl assnciuted
with human malformations.

Down's syndrome were very similar in 30 towns beforc fluoridation, in the same
towns after fluoridation, and in 32| other communities with levels of fluoride lower
than 0.03 ppm. Confounders like maternal age and temporzl trends of Down's
syndrome were taken into account in the pre-/afier-fluoridation comparison. Mo short-
term effect of Auoride on risk of Down's syndrome was apparcnt (relative risk =
0.95: upper 95% confidence limit 1.2).

A funther study dealt with congenitul malformation patterns before and afier
fluoride introduction in Birmingham, U.K. [149]. The minor changes in the preva-
lence of malformations were auributex! to demographic changes or to modified
ascertainment and classification. The puthors’ conclusion is that there was no evidence -
of an association. )

An Amgcrican study shows prevalence rates of birth defects respectively in cities
which had and cities which did not have fluorinated water supplics, and it takes
maternal age into account [150]. The result is negative.

Since the design of negative stdics is superior to that of the one positive study.
there is some evidence that water {luoridation is not a determinant of malformutions.

The level of epidemiologic evidence, reviewed abave, is summarised in
Table VII.

EVALUATION OF EPIDEMIOLOGICAL AND ANIMAL EVIDENCE

Experimental findings regarding compounds with high or limited evidence of
teratogenicity in humans (Table VII} have been analyzed and summarized in the
Appendix. In the experimental studies, all expressions of embryotoxicity detected
during pregnancy or at birth were taken into consideration. Below are compared the
experimentaf and human findings in qualitative and quantitative terms. References to
the articles summarized in the Appendix are indicated by A and the numbcr of the
reference (A1, A2, etc.).

Oral or injected doses are compared directly between experimental animals and
humans, For inhaled doses the calculations assume an inhalation volume of 1S m*/24

AP00019921
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TABLE VU1 Anlmsl Tests on Chemicals With High and Limited Evidence ot Teratogenicity in Man After a Quantitsted Exposure

(for details, see text)
Human data Animal data
Daily dose Diily dose Ref. from
Substance (mg/kg) Risk Specics (mg’kg) Risk Appendix
Carbon ? CNS defects Mouse, rx, 30-250 ppm Resorptions AlZ, ALS,
monoxide rabbit Al9
Ethanol 2,000 3% (FAS) Mousc 3.000-5.000 ~ JO% (FAS-type) A28, A29
Halothane® 60 ppm = 1.5 times Mounc 1.10 kg Threefold Al
mifkg skelerah
Methylmereury 1.o° 5% Mouse. rat 5-10 50% AW-ALT
micracephaly Malformations
(o] 0.25 2% A4
Malformations
- Nitrous azide® 3,000 ppm 55vs. 3.6% Rat 300 kg Malformations AB A0
0.3 14g 1.5 risk sixfold
Rat 0.2 i%g Fetal deaths Ay
Polychlorinated 0.5 0% (symp~ Monkey 0.10 13% (Skin symp- AS2.AG0
biphenyls ms) 0% toms) S0% (low
(small for birth weight)
duic) 40% (lcthality) -

*Itis assumed that hatothane is the responsible agent in ancstitics; in fact the evidence is inadequaic (sce Table VII).

*For methylmercury $mp/kg is the total ingested dose:; the daily doses were in the order of 80 up/ke.

“It is asmuned that pirrous oxide is the responsible agent in ancsthetics: in fact the evideace is low (soe Table VII).

“Ectimated intake of Kancchlor.
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h by a person of SO kg by weight (= 0.3 m*/kg/d). The weights of mice are taken as
20 g and those of rats as 300 g. Oxygen consumption by weight is assuimed to be two
(rat) and three (mouse} times higher per time unit in rodents than in man. This equals
daily inhalation volumes of 0.6 m*/kg/d for the rat and 0.9 m“kg/d for the mouse.
Complete absorption of the inhaled compound is assumed in the airways of experi-
mental animals and man.

The quantitative comparisons between epidemiological and animal resufts are
shown in Table VIII.

Anaesthetic Gases, Halothane

Cleft palaies and skefetal malformations were induced in mice at a 3 h inhaled
dose of 1% halothane A1), In one study using a similar dose no effects were secn in
rats and rabbits [A6]. Lower doses, ubout 0.2% halothane, were investipated only in
rats exposcd by inhalation for 8 or 12 h; fetal deaths and decreased fetal weights were
noted [A3-AS5]. When these results are translated into an inhaled dose, halothane
caused malformations in mice after inhalation of 110 L of 1 % halothane/kg, ie 1.10 L
of halothane/kg. Rats experienced fetatoxicity and depressed weight gain, when
inhating 300 L of 0.2% of halothane/kg. ic. 0.6 L of halothane/kg. -

The limited epidemiological evidence for teratogenicity of occupational expo-
sure in the operating rooms suggested an excess of malformations at different sites in
different studies and was not consistently related to skeletal malformations. The
halothane concentration in operating rooms ranges between Q.1 and 60 ppm [156]:
assuming & breathing volume of 5 m* during an 8-h working day. these would
correspond to intakes in the order of 0.0005-0.03 L of halothane, ic, 0.01-0.6 ml of
halothane/kg. This is several orders of magnitude lower than the effective doses in
micc and rats. However. the mcaning of this comparison is doubtful, since the
contribution of halothane to the tcratogenicity of anaesthetic gases—if any—is not
demonstrated.

Anesthetic Gases, Nitrous Oxide

Many types of maltormations were induced in rats inhaling cither 45-50% or
70-75% nitrous exide for 24 h [AB.A10]. This trunslates to about 300 L of nitrous
oxide/kg. Fetal deaths have been observed at a fower dose of 1,000 ppm inhaled for
8 tt A9, This translates to 0.2 L of nitrous oxiderkg.

Th& concentrations of nitrous oxide in operating rooms have ranged between 30
and 3,000 ppm {156]. This would involve jnhalation of 0.15-15 L of nitrous oxide in
a working day, and a dose of 0.003-0.3 L of nitrous oxide/kg. 1t can be observed that
the upper dose limit is in the range where fetal deaths have been observed in
cxperimental animals, This may be related o the assumed role of nitrous oxide to

account for the cxceess of spontaneous aborions in the female ancsthesia staft
19.13,18.22.156}.

Carbon Monoxide

Several experimental studies are aviilable indicating embryotoxic effects other
than major strictural matformations, In mice, 250 ppm of carbon monaxide induced
some resorpions and lumbar ribs JA12[ In rats, 150 ppio decreased the physical
activity of the pups [A 4], 230 ppm decreased weights of the pups (A T5] and 30 and
9N ppm caused preimplantation losses {AI6] In rabbits exposed to 90 and 180 ppus,
stfibicths were increased and hody weighis were decreased [A 19]: another study with

~ AP00019923
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282 Hemminki and Vincis

phalic. Thus, effective chronic doses in humans seem to be in the same order of
magnitude and possibly somewhat lower than effective acute doses in rodents. Both

in humans and rodents, histological damage to the CNS has been noted at a 1-mg/kg

PCBs {Kanechior 400}

PCB compounds have reduced implantations in micc at very low doses of 0.025
mg/kg in one study [AS3] and at 2 dose of 0.5 mp/kg in anather [ASS]. Up to 50%
malformations were seen in mice exposed to 8 and 16 mglkg of 3.3°, 4,4, 5.5'-
hexachlorobiphenyl |AS6]. Studics on rat and rabbits have not noted malformations
[AS57) but have obscrved a decrease in birth weight and an increase in stillbirth at 50—
100 mg/kg [A5B]. Feeding studics with monkeys at 5 ppm have shown weight
reduction in the of fspring and some fetal monality. This corresponds to a dose in the
order of 0.1 mg/kg. Thus, PCBs appear to be devclopmental toxins and cause
hyperpigmentation of the skin in monkeys similar to their effect in humans,

In humans, Kancchlor 400 has caused 100% hyperpigmentation symptoms and
30% babics small for datc at estimated daily doses of 0.5 mg/kg PCB. the range
being 0.06-0.8 mg/kg [70.71,73]. The contribution of dibenzofurans or other contam-
inants in the Yusho oil cannot be rulcd out. Skin changes and low birth weight can be
taken as a basis for comparison between cffective human and monkey doses. Since
13% monkeys were atfected by skin lesions at a dose of 0.1 mg/kg, lincar extrapola-
tion would yield 100% response at a dose of 0.8 mg/kg. Thus. the ratio of human/
animal dose would be 0.65. This, however, is based on two mankeys. This is a dose
range (0.025-0.5 mg/kg) where reduced implantations were observed in mice. Un-
fortunately, no reluted observations are available in humans.

CONCLUSIONS

Testing for (eratogenicity is required by many national agencies responsible for
the safety of food, drugs, and pesticides. Yet 2 yuantitative evatuation of the predictive
value of teratogenicity tests had been lacking, although arguments have been pre-
sented on gualitative grounds. In the present exercise, a qualitative evaluation was
made of the level of cvidence of the ability of several chemical expasures to induce

_ maltormations in humens. Effcctive doses and the magnitude of effects were recorded
as much ax it was possible from the original studics. A number of expasures definitely
or plausibly associated to human malformations were so identificd. Qualitative and
quantittive findings were then compared to obscrvations resulting from animal
experiments.

Results are summarized in Tabte VIII. The accuracy {and thercfore the validity)
of these comparisons is impaired by several shortcomings: [) some substances
induced different types of lesions in humans and cxperimental animals, eg, micro-
cephaly induced by methylmercury is only scen in humans; 2) exposure data in
humans arc often crude: 3) dose-response datit in humans (ad often in experimental
vonditions) were largely unsatisfactory, so that comparisons were restricted o the
order of magnitude of dose levels piving a similar magnitude of effects: &) animal
studies were by no weans consistent, and abservations under the 1est sensitive
conditions were used {or comparisons. '

In the case of ethanol, Mcllg, and PCBs. the evidenee for o causal assoctation
with haman maltormabions was high. Fhese chicnicals also mduced malfornsations
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APPENDIX A

Experimental studies regarding compounds witk high and limited cvidence of

teratogenicity in humans (Table VHT in preceding section) are summarized below in
Tables A-1—A-V. All expressions of embryatoxicity detected during pregnancy or
shortly afier birth were considered. The results of these tests were used in the previous
section. when human and unimal data were compared (Tuble ViT),

{Appendix hogins on page 299)
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TABLE A-1. Teratolugical Testing of Anesthetic Gases®

Species,
CYPONUre, No. af Survivors/
examimation females Doases used implunts
Halothane
Mice: C-37 BL., - 0 =
inhal. 3 h x 1,
13 0r 14 d, k7, tech. - {and 1.5% -
A+E
Rat: Sprague- 81 0 (aiv + 938992
Dawley. inhal, 12 h starvalon}
X
1.6-10d.k 20d. 77 0.8% 913/963
tech. A+E
Rmt; Sprague-Dawley, 0.2% -
inhal. 124 x 7, 6-
12d.k Y, 1ech. A
Rat: Sprague-Dawley, pal O (pair-stressed 3
inhal. 8h x 21,0~ 1 pair-fed)
21d, k 21 4. tech.
B+E
17 0.16-0.32% 2387246
Rat: Spraguc-Dawley, 7 0.16% —

inhal. 8h x 21, 0-
200. k 22 d, tech.
A+E

Other
observations
(TM = wxic elfecs
in mohers)

Reference

Less Ihan 4/410 (no CP)

2499 CP + 23495 |imb deliocts

3331937 with vericbaal anomalics +
193/936 with lumbar ribs

3711911 with vencbral anvinalics
(H21306 among thase treated in
days 2-10), 271/8B4 with lumbar
ribs { 145/306 among those treated

in days 9-10)

Na increase in malformations

Na increase in malformations

T™M (anesthetic elfect)

S0% feral demh vs,
about 10% in
referents

Decrease in fetal

weight and crown-
rump length length

Smith et al,
19711

Basford and
Fink. 1968
12l

Duenicke et al,
197531

Popceral,
1978 14]

Lansdown et
al. 1976 (5t
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TABLE A-1. Teratological Testing of Anesthetic Gases® (Continued)
Other
Specics, ohservations
cXpOsuse. No. of Survivors/ {TM = wxic effects
examination fernales Duoscs used implants Malforputions/survivors in mashers) Reference
Nitrous Oxide
Rat: Sprague-Dawley, 7 0 76/77, 1057147 1136 Comtrols had skeletal Resorprions. fotal Fink ctal.
2. 4, 6 days starting 45-50% (all treatment  malformations vs. 57757 of the weight, crown- 1967 (8]
day 8. & 20 4. ech. goups) treated. swinly defects of rump length
A+E vertebral ossification decreased
depending on
UreMme 1ime; sex-
ratio changed
Rat, Bor24 h x 4-10 6-02/group O ppm., 100 ppm — None rcported Fetal desth rate Corbett et al.
d between days 8 to days 10-13, increased in several 1973 19§
19 of prcgnancy, k 1,000 ppm days rSAMENT Erovps
20d, tech. A t0-13, 15.000
ppm days B-13
Rar: Sprague-Dawlkey, 26 O (pair-siressed + 3417354 Pope ot al,
inhal. 8h x 2}, 0~ pair-fed) 1978 |41
21d. k21 &, 1ech,
B+E
24 1-S0% 309/340 No increase in matformations Decrcase in fetal
weight a1 10 sad
50% nitrous oxide

TM [subancsthetic
cffects)
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Rat: Spesgue-Dawkey, k1 0 {aic) 328/342 47156 examined (I CNS + eye): Lane et al,
iohal. 24b x 1,9 skeletal anomalics fn 137170 1980 {10)
d, k 20 d, ech. exam. {including fused ribsy
B+E

30 T-75% 286/340 20/ 138 examined (1B CNS + eye). TM
{in 2 concurcent group. 1/160 [ancsihetic effects)

malformations following
exposure 1 ancsthetw doses of
xcnon occurred.) Skeletal
anomalies occured in S5/148
examincd (including fused ribs).

Hamsicr: G.S.. inhat, 25 0 (0 + ain) 283/286 0283 Shah et al,

Mhx 17114k 97981

15 d, tech. 52 70% or B0 in air  S7HS06 16/579; i 1otal 18 CP, 22 limb

A+E+F ' defects,

52 % or 95% in air 532/598 28/532; 4 gt he
*This proportion refers ta a group of fmulcs Lilled ut day 14. k. kilkek: AL visual observation: B, magnified observation: C. dissection: D. razos blade
sections on fixed lissue: E. skeleteal g: F. histological ¢ instion; G, histochemistry of contral aervous sysiem: H, electron microwcapy; CL. vleft
lip: CP, ckefi palate; - no daa.
293
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TABLE A1, Tevatofopical Testing of Carboo Monoxide

Species, Ocher obwervatians

wRposure, No. of Survivors! Malformations/ {TM. wicie effects

cramination femates  Dosesused  implaws o survivens wwothees) - Reference

Afice CF-1. inhal. 28 0. 3363604 o336 Remwphians increased in Schwetz et al,
Tor XM hd, 6-15 i} 250 ppm 2311273 2\ the 7-h exposure group. 1979 (12
d. k18 d. tech (g2 TUN tumbarc spurs in both ex-
A+B~-C+E 17 0. 2047238 14204 PRISUTS PIOUPs, deCrease

2 250 ppen 198234 M98 in body weight in the 24~
{243 hidy h exposure grwp

Rat. - (] - - At 15.000 ppm mast fe- Wells, 1933
inhal 5.900 ppin - — tuses resrbed or aborted 1141
S-Bmn x |0, 15.000 - -
esen uther day ppm
of pregnancy,
tech. A

Rat: Lone-Evans. 27 0 - — Nonsignificant reduction in Fecheer and
whal. throughout 26 150 ppm - -~ hody weight, kow physi- Annau,
gestatien, cal activity in pups 1977 113}
tech A

Rat. 18 0 - - Decrease m body weigh at Hoffman and
inhal. from days 18 230 ppm - - 24 h postmatally. minos Camptxll,
2-21 wech, A steletal variams 1977 J15}

Rat: Long-Evans. 4] - - Dosc-dependent preimplan- Garvey and
inhal. days 3-20, 20 ppmi tation kws, in the 90-ppm Longa,
tech. A 90 ppm exposurc only: 38% of 1978 1164

ProgRancies were suc-
cessful vs. 100% in the
comrot
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Decrease in body weight

Yun, H78

Rat: Speapuc- 17 Q - -
Dawley, 20 500 ppm - - (7
jubal. 1 hid
throughout
gestation, k 20d,
kch. A

Rat: Spraguc- 21 ~5.000 - - Decrease in the body Yun, 1978
Dawlcy, 24 ppm - - weight [
inhal, 15 min, ~3.000
stday bor?, ppm
of at day 13 or
14, tcch. A

Rat: COBS, - Q - - Decrease in ditter Penney ct al,
inhal. days 4-21, - 500 ppru - - 1980 18]
tech. A

Rabbis, I5 0 - - Dose-dependem incrouse in Astrup et al,
wbal. 30d 2} 920 ppm - - sillbisth and neonatal 1972 119]
since mating, 17 0 - - death. decreasc in body
weh. A 17 180 ppm - - weight

Rabbil; New 11 0. 17/88 077 Schweiz e1 8l
Zealand, 9 250 ppm 5154 s 1979 (12|
7 or 24 h on days 12 Thid),
6-18.k 294, 9 0, 84196 177
tech. 250 ppmt 563 054
A+B+C+E (24 h/d)

Sheep, - - — — Fetal deaths when ewes ex- Lomgao and
inhal, pused to 100 ppro (o 2- Hill. 1477

b {20}

Pig. - - - - Stilibirth rate from S% o Kcller. 1976
inhal, 17% 21 150 ppm 121

Monkey: Rhesus, 9 1.000- - - 419 mewborn had neurolog- Ginsberg and
inhal. -3 b, 31.000 ppm wul deficits and swollen Myers,
o pcar-erm, and fecrotic brain areas 1976 |22
foch. A+F

295
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TABLE A-TIL. Terstological Testing pf Ethanol

Other
obscrvatons
Species. (Tm, toxic
€Xposie No, of Survivors/ effects in
cxamination fermales Doses used implams Mallormations/survivors muthers Reference
Ethanol
Mice: BOD2F, /1, i.p. 43 0 (Solvem) 393/413 134393; 7 iris coloboma, 7 Kronick, 1976 [23]
Xlorx289d (pair-fed) others
or 10-11d or 7-12
d. k I8d. tech. A 1 13 0.03 mi/g of 677122 Hi67. exencephaly in two TM chypnotic
C 25% fetuses: ectrodaciyly in dose)
: ethanol ihe others
48 0.03 ml‘g of 3244456 108/321; 74 iris coloboma; TH (hypnotic
5% 16 ecirodactyly: 5 hypo- dose +
cthanol plastic atria; 6 hydrone- weight loss)
phrosis; 4 exencephaly:
19 others
Mice: CS7BL/GI, diet 13 0 (Lab. chow 83/90 383: | eye. | heant. i abdo- Randali et at 1977
X 6, 5-104d, k 19d. + water) men/urogenital 24)
tech. A + D
6 0 (paic-fod 99/105 3/99; I skeletal, 2 eyc
isocal.)
16 ? 103/122" 317103 (40 defects); 10 skel-
ctal {syndactyly. adactyly.
ectrodactyly, distortion of
digits), 3 head, 4 eye, 1§
heart, 12 abdomen/
urogenitat
Mice: CBA, dies be- 10 0 (lab. chow) 47/48 Skeletal: 1/15 examined; Chernoff, 1977 [25)
fore cunception and soft tissues: V32
throughout preg- examined
nancy, k 18 d, tech,
A+D+E 0 0 (isocal. 56/56 Skeletal: 0/18 examined:
sucrose) soft tissues: 0/38

cxamined
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3 mi/100
(5%
EDCHF

4.3 mi’100

(20% EDC)

5.7 nli100
(25% EDC)

0 (lad. chow} .

0 (isocal.
SUCrosc)

4.3 ml/100
(20% EDC)

5.7 wi/100
(23% EDC)

1740

12744

14/52

102/110

7373

63/68

Jo/52

Skeletsl: 6/6 cxamined (5
occiput + 3 stermum);
sofe tissues: 4/11 exam-
ined (2 heart + 4 brain =
ditated brain ventrickes)

Skeletal: 474 examined (3
oceiput + 4 siernum);
soft tissues: 8/8 examined
7 heart + 2 gasiroschisis
+ Beyelids + 8 dilated
brain ventrickes

Skelewl: 5/5 examined (5
occiput + § sternumy);
soR tissucs: 9/9 examined
(8 heart + | astroschisis
+ 9 eyclids + 9 dilated
brain ventricles + 3
exencephaly)

Skeletal: 2/35 examined (oc-
ciput); soft tissues: 0/67

Skeleat: 1724 examined (oc-
ciput); sofl tissucs: 1449
(dilared brain vemricles)

Skeletal: 18722 examined
(18 occiput + 6 sternum
4+ & fibs); soft tissues: 36/
46 (36 dilated brain ven-
trickes + 18 heart + 4 ex-
encephaly + 3
gastroschisis)

Skeletal: 12712 examined
(12 occipw + 5 sterrum
+ § ribe); soft tissues: 24/
24 examined (24 dilated
brain ventrickes + 17
hears + 7 excocephaly +
9 gassroschisis)

197

Chemoft, 1977 [25}

feominued)
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TABLE A-II1. Teratological Testing of Ethanol (Conlinued)

! Other
observations
Species. (T, toxic
SAPOSUrE No. of Survivors/ cffects in
cxamimtion females Doses used implants Malformations/survivors mothers Reference
10 7.2 mi 100 1761 Skeletal: 6/6 cxamined {6
130% EDC) occiput + 4 sternum + 6
ribw ) soft tissues: 11711
(11 diluted brain ventricles
+ 10 hean + 9 exence-
phaly + 9 gastroschisis)
Mice: CE-1. diet x 22 0 (waier) 265214 47265 (1 brachignathia + Schwetz et al, 1978
10.6-15d. k [8d, CP: 1 enlasged head: | {26]
tech. A zCrE chthfoor; 1 with ao right
subclavian arteria)
2! 25 mikgid 240182 3124042 exencephaly +
ablepharia; 1 CP): other
observations: nonfused
sierncbrac + delayed
ossifteation
Mice: DBA/2J, CD-1, Not given 0 (saline) Not given - Gikais and Damja-
CS7 BL., Swiss, i.p, nov. 1980 (27]
x 4.8.10,12.14d, Not given 4 or 6 g/kg of Not given Ocular and renab anomalics Weight de-
k?, tech.? 25% in all of the siraing crease of
cthanol SW, CD-1
and DBA
fetuses
Mice: CS7 BLJ6L, i.p.  Not given 0 {safinc + N given - Webster e1al. 1580
x 1,7.8.9,10, or 11 starving) 1281
d. end point: term
lech.? Not given 0.03 ml/g N given Absolute numbcers not High pro-
(25% given, 17% exencephaly purtion of
cthanol) (rearmem d 73: J0% 1ESONPLIONS.
maxillary hypoplusia TMI6h
CL + CP (trestmemt d 8): won-
aphihalmia: enlarge- Miusness)

meot of deain ventrickes
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Mice: C57 BL/6J, ip.
x2,7d.k 144,
wch. A+F

!

Rat: Sprague-Dawlcy,
diet before concep-
tion and throughout
pregnarcy, cnd
point: term 1ech, A

Rat: Spraguc-Dawley,
det % 10,6-154, k
2t d,lech. A + C
+E

Rat; Wistar, dict
thtoughout preg-
nancy. end puing:
. icch. A £ F

Nox given

Not given

24

49

4

0 (vchicke)

0.015 mirg
25%
cthanol)

0 (ivocal;
SOMmE pair-
fcd)

30 £/1H00 od
{walcr}

0 { watcr)

10 mkkg d
(15%
cthanol)

0 (soya il
isocal.}

73 L5g/
kg (total
intuke)

Nt given

727

171

5

2441252

223228

44472

e

299

12% cyc malformations (mi-
cruphibalmia, anophihal-
mia and wihers). Absojue
fumbers nix given

30/72: eye malformations
{iris coloboma, micro-
phahalmia, anophthalmia,
shortencd palpebral fis-
suresy; 9 of the XY had ab-
normal nasal and lip
regions. I addition, 1 ex-
cocephaly + 1
anencephaly

Unapecified number of fc-
tuses with microccphaly
+ cracked and dry skin

2/244: 1 fews with acandia.
clubfoot. cctopic ovarics,
shortencd trunk + | with
one cib missing

0v223; delayed nssification
af skull bones + unfused
cemre of the verhrae

44

373212 | gross maltfocawation
of hind part of the hixly +
1 hydrocephaly

Sulik ct al. 1981 |29}

Brain size ro-
duced + his-
tnlogicat
changes of
neUreCCIn-
derm,. TM
(Icthargy)

Tze und Lec. 1978
130

Low liver size
+ low binh
weipht
Schwetr of al, 1978
126}

Oisund et al. 1978
k1)1

wonsiinned)
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TABLE A-ITI. Teratological Testing of Ethanal (Continved)

Species.
exposure No, of Survivors/
examination females Doses used _implants
Rat: Long Evant, gav- 4 0 Gisneal.; T4
age throughout some peir-
pregrancy. end fed)
point: term, tech. A
25 1 g/kgid 250
2 2g/kgld 20017
Rat: Long Evans. gav- n O (isocal. No given®
age X 15, 5-194d. k ICTOSC )
20d.tech. A
15 6 p/kg/d Nt given?
Rai: Sprague-Dawlcy. 18 O (isocal., 179/187
diet before concep- pair-fed)
tion and throughoot
pregmarcy, k 20d, i8 0.02 mi/g/d 135181
tech, A + C
Rat: Sprague.Dawley, 12 +15 0 (ivocal., 135/139+
gavage iwice a day pair-fed) I1S1715¢1
x L A1-13d or 14-
164, k 20 d, 1ech. 12+15 10 g/kg/d 1H0/138+
A+C 1)8/114

__biil_fo_rﬂkmslsurvivors

Other
vbservalions
{Tm, oxi¢
effects in
mothers

Refesence

No visible matformations

No visibde mallormations
No visible malformations
Not reporied

Nut reported. The study was
mN Jeaigned o deloct
malformations

Nt reported

Not reported

Not reported

Not reportied

Reduced fetal

weight. Th?

Reduced organ

weight
(brain. heart.
fiver. kid-
ncy) +
weight foss

Reduf:d ofgan

weight
(brain, hean.
liver, kid-
ney). TM
{severe
wunia)

Abel, 1978 132]

Abel and Greizer-
stein, 1979 (33}

Henderson ef al, 1979
1]

Henderson ct al, 1979
134}
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Rat: Spraguc-Dawicy,
i.p. % 1, 9d, cesar-
ean sect, 22 d, tech,
A

Ral: Long Evans, dict
before conception
and throughout
pregnaacy, k 20 d,
tech. A+C+DE

Rai: Long Evans, diet
throughout preg-
nancy, k 20 d, lech.
A+C+D+E

Guinex pig, diet 3or 4
times/weck, ond
point: term, tech,
A+G

Rabbit: N_Z_, diet x
13,6-18d. k 29 4,
tech. AtC+E

Piglet: Sinclaic $-1,
diet before concep-
tion and throughout
pregnancy, end
poimt: term, toch.
A+C

9

Not given

0 (NaC1)

0.02 mirg/
animal

0.02 mbig/
animal®

€ (poly-
dipsial’

5% ethanol
polydipsia
0 {some pair-

(edy

5% ethana!
21% EDC)

up io 3 mi/kg/
d

O (waier)

3 mlikg/d

@ (it-fed)

>3 ghkpid

63/63
8199
J58
977106

79/89

136/ 142

43/51

Mot given

6412

847126

72180

42/63

0.63
w87

2/57 {micropinhalmia
+ hydrops fetatis)
0/97

[

o/136

0/43

Ienmaturity of brain &t gross
exanination + ¢ellular le-
stons, retardation of
myclination

364 (1 spina bifida; | anen-
cephaly + ahicpharia: |
fews with missing spleen)

284 (1 CP + proinuding
wngue + cncephalomala-
cia; | bene tail) + minor
malformations of caratid
Arictics

/80 (malformations were
Jooked foe in stiltborn
also)

4/63 (| case of cach: pro-
lapsed roctum. undes-
cemded 1esticie,
hypaplastic sesticular yis-
sue, microphihalmis )

361

T™ (2 dcaths)

Reduced birth
weight

TM (sterility,
fow birth
weight, im-
maturity,
stillbirth)

Low birth
weight: low
renal weight

Lindenschaiide and
Persaud, 1980 [35]

Samson, 1981 [36]

Samson, 1981 [36)

Papara-Nicholson and

Telferd, 1957 (37]

Schwetz ot al, 1978
126)

Dexter e al, 1980
138
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TABLE A-IIL Teratological Testing of Kihanol (Cantinued) o
Orher
vbser ations
Species. (Tm. Wi
exposure No. of Suevivaes/ cffects in
examination fomales Doses used implams  Malfornations/survivors _ muthers Reference
6 >3 glkeid 1012 /12 (] of cach: znence- Low birth
phaly, microcephaly. cra- weight: low
nial banc hypoplasia, renal weight
nmikrophthalmia, CP, hy-
poplasis of extremities.
hypedaciylia. polydacty-
lia, crvptorchidism, hypo-
plaic gonadal tissue,
cloacal atresia; 2 of cach:
mickygrathia, syndactyly.
hypoplasia of wil)
Dog: Beaglc gavage 10 O (isocal. - 5115 O/51 Eilis and Pick. 1930
Iwice 3 day through- crosc, peir- 39
o pregmancy, end fed)
point: term, tech.
AxC 28 2.4.3.0. 1.6. G1/86 1722 examined (1 renal age- Low birth
4.2.4.7. nesis + 2 kink ity weight +
5.7 g/kgid nconual
mortality,

Nt given 4.2 pkpid x 4917
. 174

15/49: 3 absence of kidney,
4 CP; 7 kink tail; | other

T™ [weighe
[ TN ]

Ip < 0001 in comparison with controts,

Mn a fusther group of ten females receiving 30% EDC (= cihanol-derived catorieal in dici e implanes occurred.

*1, 11 animals failcd to carry their pregrancics te day 20.

“IK 1S animals failed 1o cacry their pregnancics o day 20
“Curresponding 0 0.02 mVg/day.

'Fond supplements given o match weigiht gain of tremed animals.
FEDC = cthanol-derived catorics.
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TABLE A-TV. Terstalogical Testing of Methylmercury (Mekip)

Othet
observations
Spekies, (Tm, oxic
capesure., No, of Doscs used Survivors! cffects in
examinstion femak (mg/kg/d} implants Malformations/susvivors —— mothersd o _Referonee

Metly
Mice: ICR. diet x |, .1 O {water) 2341247 74234 (0 CP; 6 clubloot: ¢ Fuyuta et 21, 1970
10 d, end point: 18 117* hydroncphwosis; 07 140}
d, tech. A+D3E 107" absence of erne-
brac; 47117 incomplcte
fusions of sterncbrac| fe-
luses examined
20 10 2031222 16:203 (4 CP;: 6/102* hy-
droncphrosis; 1/101" de-
creased occipital
ossification: 2/101° ab-
sence of sierncbrac; 4/
101 incomplete fusion) t*
fetuses cxamined
pu] is 212 687213 (60 CP: 3/108* hy- Low births
droacphrsis: 07106 de- weipht
creascd occipial
ossification: 4/106" ab-
sence of sterncbras: 724
1067 incomplete fusion®
fotuzses exmnined
20 20 2{51232 13%/215 (126 CP; 20/108* Low birth
hydroncphrosis: 6/107* weight
decrcased occipital ossifi-
caton: 11107 shsence of
sicractwac: 82/ 107" in-
complcie fusion) ® fetuses
cxamincd

foontinued)
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TABLE A-1V. Teratological Testing of Methylmercury (Meklg) (Continued)
' Onher
observations
Species, ATm. oxic
exposure, No. of Doses used Survivaors/ effects in
cxamination femalcs (mg/kgid) implants Malformations/survivors oothers) Reference
20 25 1997226 199/199 (199 CP: 24¢101* Low birth ‘
hydroncphrosis; 22/98% weight
decreased occipital ossifi-
cation; 20/98° sbsence of
sierncbrae; 89/98" incom-
plete fusion)
McHg dicyanamide
Mice 129/5vS), i.p. 2) O {solvent) 92.6%" [¢] Spyker and Smith-
x 1.6-13d.k, I8 2) 2 85.6%" 0.5% berg, 1971 [41}
d, tech, C +E 2) 4 816%" 0.1%
* & B3294 +41/83 {incloding 25 CP: 8 TM (1690
exencephaly: 7 encephalo- dicd)
cele; t face or limb
defects)
MeFy dicvanumide
Mice: A ip. x }. ¢ 0 (solvem) 83.3% A5/132(3CPy Spyker and Smith-
6-13d k18 d, - berg. 1971 41}
tech.
C+E ¢ 2 3% 3641812 CP)
4 ] 86% 22201{I14CP
¢ 8 2% 1387227 (91 CP+ I TM (4736 died)
micrognathin)
Metyp
Mice: ddN. diet x ), 9 0 79/82 079 Devclopmental Inouyc ct al, 1972
6-13 d. end paint: 13 30 519 2387413 231 vavlted cran- retardation (421
18d, wech. A +C ium; 305 CP: 144 microg-
' nahia; B2 microghrsia)
MeHg(l
Mice. Swiss, Jdiet x 17 O (vehicle) Not given TN Khera and Tabacriva,
12.6-17d. end 37 0.001 10 1 (4 Mot given w612 1973 43}
poina: term, tech. A levelsy
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MetigCl

Mice: Swiss dict X
12, 6-17 d, fetuscs
&
2-2B d sftcr binth
wch. G

MeHgOH

Mice: C57 BL/6J i.p.
x {,10d, k1Bd,
tech. C+E

Mel{gOl!

Mice: CD, s.c. or v,
x|, 10d, k184,
tech, C+E

MeHgOH

Mice; 129/8vS1, s.c.
x1,10d k184,
tech. C+E

MeHgOH

Mice: [29¢8¢S1, s.c.
x6,7-12d,k 18-
19d, tech. C+E

MedgCl

Rat: Wistar, diet % |,
9-§1 d, k 18-204d.
lech. G

13
10

15
[§!

D b A

21
15

0t vehicke)

a1

1.0

0 (solvem)
4

QO (solvent)
2’
4
!’
R?

0 (sotvent)
&

12

0 (>olvem)
”

w1

19

Not given

Not given

Not giviea

51159
5671

2558

1687194
877105
80/95
162/180
106/128

3236
28/32
anr

1722196
39/45
1287163
a3/110

Cercbellur changes: 0111
examincd

Cercbettar changes: 0716
examined

Cerebellur changes: B/65
examined (histochemistry
of CNS)

o/s!

3736 (1 CP: } =nophihalmia;

| micrognathin}
9/25

17168 (CP)

1787 (CP)

180 {CP)

127162 (10CP + 2
exencephaty)

& 106 (CP)

a/33

w28

1§/47 (9 CP: | facial de-
formity; | skeletal)

o2

539 (CP)
9/ 128 (CP)
81183 4CP

Prominent malformations of
the cerehetium with de-
gencrmion of nerve cells
{inidence not gives)

Maderute malformations of
the cerchellum (incidence
met given)®

1™

IT™

' T™

Khera and Tabacova,
1973 [43]

Su and Okita, 1976
[44]

Su and Okita. 1976
144]

Su and Okita, 1976
144]

Su and Okita, 1976
(44

Maisumoto et al.
1967 1451

foonsinucdd]
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TABLE A-I¥, Teratolngical Testing of Methylmervary (MeHg) [Continucd)

Other
obeerviion
Spovies. (Tm, oxic
CYPUSUIE, No, of Doses usad Survivors! effects in
evamination _ femates (mprkg/d) | _dmpleets | Malformetionsogrvivees | mathen) Referemee

SeHg
Rat Wistar, diet x 13 4 0 S1/58 0151 Inouyc ot al, 1972
or % Bor x 9, 0- 18 5 185255 204185 (17 pencralized ™ 1321
12dor 7-14dor ederwr; 2 microphthalmiia:
12-20 4. end point: I shortening of the tail:
204d. wech. A+G tissue debects i (he nea-
conex of the raind
MeHeCT
Rat, Charles River, 19 0 SRI63 1 Soft tissues; 100370 cxam- 10 Dead Nolen eral, 1972 45|
dict X 9, 6-144d. & ined {82 hydroncphrusis, et
21 4. tech, 21 bladder defects, 19 un-
A=D+Es+CG descended testickest: skels
chon: 24198 cxamined (6
missing sternctrnc)
41 0.02 4604486 Soft tissues: 68/230 exam- 6 Dead fetuses
ined (47 hydrnepheonis.
32 bladder defocts. 4 un-
descended kedon); skele-
on: VTR canocd (B
missing siernehrt)
k] 0.2 AN Sofl txaues: 84:147 exam- 1 Detd fotus
i (51 hydronephasis,
A7 bladder defots. 7 un-
deseeaded tesiend: skele-
ton: 1871 39 etamined (S
missing Mernchract
» 4 HoRe Soft tissues: 187293 exam- 17 deud fe-
incd (118 hydronephrosis. uses, T™
138 Badder defects. X9 {reduced  °
undescended westesy: shel- weight gain)
cton: 109/ 160 cxamined
(5K misaing steenchrac
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MeHpOH

Rax: Charles River,
pavage X 14.6-19
d. k20 d. wch.
A+E
[

MetpCl

Rat; Wistar, diet
throughout prep»
nancy, k at different
times, Wech. At F

14+

45

6.0

0 (corn oib)
0.002

0.

1257123

138141

159/170

10%/197

08

Next piven
Nex given

Nt given

2085 cxamincd with rib ab-
normalities; 530 cvam-
ined with heart
abnormaluics

2079 cuamincd with cib ah-
oormalitics; (/56 exam-
ined with interns!
abnormalicics

67102 cxamined with rib ab-
normalities. 453 cxam-
incd with beain

.abnurmalities; 7752 cxam-
incd with heart abrormali-
ties: [0/52 examined with
texicutar abnormalitics

2173 cxamined with rib ab-
nosmalitics: 3735 cam-
ined with train
abnormalities; 15/3% with
heart abnormatives: 14/18
examined with testwcular
abnormalitics

071 rib abnormalities: §71
brainand 1/} hean
abwormalities

21167 with eyelid o eye
heswons

81170 with eyelid of ey
kesions

ASI129 with eyelid of ey
feswnms

Scharpf ut al_ 1973
(A

Reduced birth
weipht

Reduced birth
weight, TM
(6 mothers
dicd)

Reduced binth
weight. TM
(& moshers
diedy

/167 Harder- Kherz and Tabacova,
ian gland 1973 143]
lenions
12870 Hander-
an pland
fesioms
t0/129 Hander-
ian pland
fevians

foontinied)
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TABLE _A-IV. Teratological Testing of Methylmerconey (Meliz) (Continved)

!

Species.

cxposure,
CXROTHNATION

Na. of
females

Diowses used
(ma/kg/dy

Survivors!
implams

Malformatisns/survivors

Other
obscryalions
'Fm, oxic
effecis in
mothers)

Refercnce

MelpOH

Rat. Spraguc-Dawkey.
se x4, 01,5913
d. k 21 d, rech,
A~ F

35

35

41

22

0.05

0.25

O 1solverty

Not given

Noi given

500513

2837287

248/252

2671321

1%/ 134

287139 with eyelid or eye
kesions

S17184 with cyelid or eye

Iesions

No grosy mallormasons
No gross malfonmations
No grosa malformations

No gross malformations

No gross malformations

47139 Harder-
ian gland
lesions

16/184 Harder-
ian gland
fesions

Cetlular necro-
sis nf CNS
+ ruming

Celtular necro-
sis of CNS
+ runeing.
T™ 1
nwther died)

Cellalar necro-
sis of CNS
+ ruming,
TM (} mathe
ers died)

Cellutar accro-
sis of CNS
+ ruming.
TM (& moth-
crs dicd)

Motet. 1974 {49]
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MeteCl

Rat; Spraguc-Dawicy,

ip. x 1.8d,end
point: term. sech.
A+H

MettgCl

Hemster: Golden, i.p.

x 1,35-104.k |5
d, xh. A+D+E

4

4170

26/80

Not given

Not given

5011563
116/122
3847689

No gross malfisrmations

Nu gross malformations

No malformations were ob-
served Gincidenee not
given)

No malformations were oh-
acrved (incikdence pol
given)

51507

9/116

6357384 for x otal of {14
matformutions including
38 clubfeet. 16 fydro-
cephalus, 12 microgma-
thia. 9 cicfi palate or lip.
39 othens

39

Cellular necrn-
sis of CNS
+ runting +
frydropic fe-
tuses, TM (4
mothers
died)

Cellular necro-
sis of CNS
+ rurding +
hydropic fe-
wses, TM
(11 females
died)

Chang and Sprecher,
1976 150}

At clectson mi-
CROSCOPY -
degenerative
changes in
the proximal
bubules of
Kidneys

Harris et al. 1973 [5]]

icomtinied)
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TABLE A-IV. Teratological Testing of Methyimercury (Meilg) (Continued)
Other
atnervations
Species. (T, oxic
CXPHUTE, Nu. of Doy uved Survivosy/ effects in
TARMIN 108 - females  (mpkeidy  implams Malfurmations/survivoes __ tmnbers) Referemee
MetigCl
Hamster: Golden. i.p, 5 0 (udvenk) 54/63 Not reported Harris c1al, 197}
= 14, -4 d.k iS 10 2 69/112 2569 for @ totat of 30 mal- TM (2 mathers (6411
d.wech. ATD+E Kwmations including [ died)
clubfeet, S hydrocophatus.,
14 vthers
MetgCl
Cat: Persdan and Eu- ? 0 (soivent) W24 1120 ¢sketetal) 17 cercbellar Kheta, 1973 {48)
ropcan, dict X 49, s 0.0 35/40 215 (4 skeletal + 1 spina histological
I0-58 d, k 59d. bifida) chanpes
wech. C+E+F /7 cerebellar
histological
changes; re-
duced bisth
weight
6 0.083 2128 222 skeletal + ) wmbili- 1714 ccrebellar
cal hernink hiskogical
changes: re-
duced birth
weight
13 0.25 5197 117507 (9 skelewd + vvenwe- W17 cerchellar
phaly + | umbilical histotogical
hemia changes: re-
duced birth
weight
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MeHpCt

Mindsture Swine, diet 20 L] 14014 il Earl ot 2l. 1973 [$2|
before pregnancy?, 30 0.05 100.5 1% ot ™
k 109 d, tech, A+E .

MeMg(Y

Dog: beagle, dict k) 0 169: 178 21693 CL + shorwened Earl et al. 1973 (52]
throughowt preg- ail: 1 microphthulmian .
mancy. k 60 d. wch, 51 0.1 10 0.25 1387140 250 inihe 0.1 mp/kgid TM tssilibinh)
A+E group {1 CP + cnlarped

venbilical openmg + en-
lacged foptancle: 1 en-
larged wmbilical opening)

*The figure refons to the number of fotuses cxamined.
"Absoluee figurcs per group not given. The whole series included 213 fittors and 1,391 implants.
‘kIsd.
“Absolute figurcs nos given per group. The whale sesies included 96 Jugers and 889 implants.
:Eigh( groups of females treated in diffenent days.
s.c.
K.y,
MNo conirnd group: lestons were much feas severe in animials concurrently given penicilfamine,
"Three groups of females treated in different periods.
Tn this experiment, cach group of rats (including comrolx) was divided ino three subgroups concurrendy Ireated with 0. 0.1 and 20 mg/kgrd risodium
nitrilotriacctate; however there was sigaficiant change duc (o the presence of NTA,.
“lna funher group trested with 8.0 mp/kg/d 21721 females dicl,
"Dose wnspecified: maternal tiver concemeation < 15 up/g He: range of the tul dose 2-16 mgirat.
"ul; ) liver com jon 15-25 g,
"id; maternal liver coscemiation 25-50 ug/g.
id: maternal liver concentration 30-75 xgfg.
id: matcenal liver concentration 75-99 up/p.
*id: meaternal liver concomration > 99 gplp.
"It is mnck vhether f ined were & or M,

3n
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TABLE A-V. Teratological Testing of PCBs
T

Compound- species, Other observations

exposure, No. of Daoses used Survivors/ (T, wxic effects

examnalian females {mg/kgid} implums Malformations/survivers in machers) __Reference

Clnphen A &0 .

Mice: NMRL oral x 1] 0 150 (R7%) PCB devecased im- Orberp and Kibls-
62, femzles 62 d inplantautions planiations and wism, 1973 153)
preconceptionally, k cuended cstrous
8-104d. tech. A cycles

) 2} 0.025 ° 229 (79.5%) -
implantations

2.2°4iC8

Mice: NMRL osal x 37 0 - - Dams with litier, Torok, (976 {54)
3. 1-2dech. A 18 315 - - and litter size

13 750 - - decreased,
lengih of preg-
narcy increased
in the treated
Rroups

24" 54nCB .

Mice. NMRI, oral x 56 0 418 (92.3%) - PCB decreased Orberg. 1978 {55]
T7.i-7d.k7d. implantations implantations

-wch. A

20 005 152 (92.7%) -

implantations

40 0.5 206 (87.8%) -

implantations

2.2°4.4°.5.5 -hexaCB .

Mice' NMRI, onl x $6 0 418¢92.3%) - PCB decreased Orberg, 1978 (55]

T T -Td kT4, implanttions . implantations
keh. A 20 0.05 154 (H.5%) -

implantations
32 0.5 238 (83.8%) b
implantations
' . .
1 . ] +
- .‘. [ il s




956610004V

3.304.4°5, 5 hexaCB

Mice: CD-1, gavage
x 10,6-154d, k 18
d, iech. A?

Arochlor 1254

Rat: Wisiar, gavage X
10,6-154. k22 d,
ch. A +E

0 (vehickel

0 (sotvem)

6.25

12.5

9319

1074119

"7

(7
-
T

Absoluie numbers not
given. Average percom-
age maiformed fetures/
litter 0.9%"

Absolute numbers not
Eiven. Avenge pereent-
age malformed fotuses/
licter §1.7%

Absolute numbers not
given. Average peroent-
age malformed fotuses/
litter 1.6 %"

Absoluiz aembers not
given, Aversge percem-
ape malformed fotwses/
lister 65.5%*

Absalute numbers act
piven. Averape pescent-
age malformed letuses!
liser 60.6%*

17% with skeleaal anomalics
and 47% with visceral
anomalics (absoluic
mambers not given)

10% with skeletal anomalies
and 17% with visceral
saotoelics (absolute
nambers nol given)

8% with skeletal matiorms-
tions and 24% with vis-
ceral malformations
{absolutc munbers ant
given)

™

™

Staples et al. 1920b
1361

Vilkncuve et al, 1971
1571

fconsinned)
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TABLE A-V. Teratological Testing of PCRs (Continued)

Compxiund- species. Other observations
exporue, No. of Dasey used Survivors/ {Tm, toxic effects
examination females (mg/kp/d) implants Mulrmations/sucvivors in mothers) Reference
10 1 2§ 1121 9% with skeketl malforma-
tiony and 15% with vis-
cerl malformutions
{absulute numbers not
given)
9 50 1031107 9% with akelewl malforma-
tions 2nd 28% with vis-
<cral malformations
(absolute numbers ot
given}
7 100 %4789 IS% with skeketad matfor-
nutions ard 0% with vis-
ceral matformations
(absolute numibers mot
given)
Arochlor 1254
Rat. Stweman.? gay- Linder ctal, 1974
age X 9. 7-15d. 19 0 (solvent) 230:7 /230 227 weaned 158]
end puint: weaning. 9 10 1097 w19 108 weaned
tech. A 10 50 §247 DTk 127 weaned. tow
birth weight
9 100 L Ty ot 8 sullbinhs, 25
weaned, low
birth weight
Arochlor 1254
Rat: Sh:mun."grv- 12 0 (volvem) 1487 /148 4 stitlbirths, (38 Linder ¢t al, 1974
agec > 9. 7-15d. weancd 158]
el point; weaning. 12 100 1507 wIso 10 siillbirths, 124

tech. A

weaned
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Arochior 1254

Rabbic, gavage X 28,
1-28 4k 29 4,
tach, A

Arochlor 1248
Monkcy: Rhesus, dict
before conception

and throughost
pregnancy, end
point: term, lech. A

Arochklor 1248

Mounkey: Rhosus. diet
before pregmancy,
end point: werm + 4
posinatal months,
tech. A+F

0 (solvent)
1

10

25F

Q
250058
ppit in

0
250rS

ppm in
diet

1261127
18219

22127

IS

35/12

021

135137

121t
614

8/8
ms

0/126
0.138

02

035

025

o2
o6

o/8

O/7 (hyperpiginentation of
skin: hyperpinstic gastritis
and keratinization of face
hair follickes accurred in 2
dead infanis)

Yillencuve et al, 1971
157y

Increased lives
weight
Cephalic subcuta-
neous hemmr-
rhages and
asymmetnic skutl
in2of 5 dead
fetuscs, in-
creased liver
weight
Increased liver
weight
TM (213 dicd be-
fore term)
Increased liver
weight
Barsotti et al. 1976
7 sbortions + | [59]
#ilbirth, small
size of newborns

ARen ct 2. 1990 |60]

"Predominant malformations are reported 10 be CP and hydroncphrosis,

'mmupmm were a part of a large series of studies on the effects of PCBs on rat reprod

of the Ingr in two

gencrations. Both Aroclor 1254 and 1260 fed § ppm in the dlamdwed!wetdnngesbmhmf’. and Fy wmlmgsorenhcrset (1 ppm for F. males fed
3 {oamy cytopl; plgmcnt fibrous siranls. adeoofibroais. 23 mnlulcs.

Aroclor 1254}, Liver changes included enlarged hepatocytes. cytoplasmic in

FX22(7-28 d).

“Therefore both uransplacental and breast-fed exposur: occurred,

315
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